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OS CALCIS FRACTURES, AN IMPROVED TREATMENT* 
O. W. YorrG, B.S., M.D., F.A.C.S., MINNEAPOLIS, MINN. 


HE treatment of fractures of the os caleis, by reduction and restora- 

tion of the fragments to normal or nearly normal, is comparatively 
recent. Up to twenty years ago few attempts were made to reduce this 
fracture and results were uniformly bad. Cotton, in 1908, opened the 
way and each year since then more and more contributions have ap- 
peared in the literature. The various methods advocated have shown im- 
proved results, and from all of this splendid work there should soon 
evolve a uniform, if not a standard, method for the treatment of frae- 
tures of the os ealeis. 

About fifteen years ago we began reduction of fractures of the os 
calcis, using Cotton’s technique of disimpaction and molding of the bones 
with a mallet. In the more severe fractures, we used tongs or pins and 
on several occasions severed or lengthened the heel tendon to bring the 
bone down. Our results seemed to us remarkable and we were able to 
return men to work in from six to seven months from the time of injury. 
Now, I am sure that in many instances we did not completely disimpact 
the fracture and probably can attribute our success in a large degree to 
loosening up of the subastragalar joint. We also undoubtedly erred in 
immobilizing the foot in plaster for too long a time. We continued using 
Cotton’s technique with varying good results, but many of our patients 
would complain of soreness in the ankle and foot, especially when walk- 
ing on uneven surfaces and when walking barefooted. 

The improvement of x-ray technique and interpretation have to a large 
degree been responsible for the recent successes made in the treatment 
of this fracture. I am indebted to Malcolm Hanson, roentgenologist, for 
having developed a standard technique, for his excellent interpretation 
of the films, and for his valuable suggestions. 


*Read, with motion pictures and x-ray slides, before the Chicago Surgical Society 
on November 6, 1936, and before the Minneapolis Surgical Society on December 3, 
1936. 

Received for publication, April 15, 1937. 
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TECHNIQUE OF REDUCTION AND FIXATION 

About two years ago we began to use the following technique in treat- 
ing fractures of the os calcis. Three radiographs are made: (1) a lateral 
view of the heel, (2) a view of the tuberosity of the heel or plantar dorsal 


Case*j 34 26-347 


Fig. 1.—Case 1, iateral view. A, Carrying angle zero, also slight upward 
dislocated astragalus on scaphoid; B, after reduction, carrying angle restored to 
near normal. 


Al 


Fig. 2.—Case 1, anteroposterior views before and after reduction. A, Shows 
fracture ‘of anterior portion of os calcis involving as os calcis-cuboid joint, marked 
spreading; B, fracture reduced; external malleolus now clear. 
view, and (3) an anteroposterior view made to visualize particularly the 
anterior portion of the os caleis and the euboid joint. 

The radiographs having been taken, the patient is placed in bed with 
the foot elevated and hot packs are used to relieve pain and to aid in the 
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reduction of swelling. In most cases swelling will subside sufficiently 
so that reduction can be made in from five days to a week. However, 
in badly comminuted fractures it may be necessary to wait ten days, but 
never more than two weeks are allowed to elapse, before reduction is 
attempted. 

The reduction of the fracture is done under general anesthesia to 
obtain complete relaxation, particularly of the muscles of the leg. The 
patient is placed on a firm table and is then turned on his side in order 
that the injured foot may be brought laterally to the edge of the table 
with the heel extending over the edge and with a firm thin pad inter- 
posed between the foot and the table. The left hand now firmly grasps 
the ankle and leg just above the ankle. The heel is then grasped with the 
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Fig. 3.—Case 1, plantar dorsal view. A, Shows fracture, shortening and angulation ; 
B, bone restored to normal. 


right hand and with the ball of the hand the fracture is manipulated 
laterally, using a repeated thrusting force until the fracture has been 
thoroughly disimpacted. An unusual amount of force is necessary and 
it is imperative that a firm grip be maintained with the left hand to avoid 
fracturing the leg. After thorough disimpaction, with the knee flexed 
and the foot extended in plantar flexion, the surgeon grasps the heel and 
with a sudden thrust pulls it down. When an upward displacement is 
present due to a flattening or crushing of the posterior joint surface, the 
bone is brought down by grasping the heel with one hand, the forward 
portion of the foot with the other hand, and the sole of the foot pulled 
with a sudden thrust against a firm vertical bar. An os ecaleis clamp 
is then employed to squeeze the loosened bones into position. The clamp 
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is used to reduce the broadening and shortening of the back portion of 
the heel. If a fracture and spreading are present in the anterior portion 
of the bone, the clamp should be moved forward and reapplied. 

An assistant applies a moderately padded cast involving the foot, 
ankle, and leg to just below the knee. The patient is then pulled down 
on the table with the leg hanging at right angles over the edge in a man- 
ner sometimes used for removing a knee cartilage. The surgeon, sitting 
on a low stool, now molds the cast well around and under the malleoli, 
back of the heel and under the arch of the foot, keeping constant traction 
on the heel with the knee at right angles and the foot in plantar flexion. 
The tendon in this position is completely relaxed and the cast molded 
as deseribed will hold the reduced fragments in apposition. 

The foot is now x-rayed and if reduction is satisfactory it will be 
found that the patient can be discharged from the hospital in a few days. 
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Fig. 4.—Case 6, left os calcis, lateral views. A, Impacted fracture involving 


subastragalar joint at posterior joint surface. There is a moderate lessening of 
the carrying angle. B, Shows fracture reduced with angle restored; film three 
months after reduction. 

He is allowed to be up and about on crutches but does not walk on the 
injured leg. The cast is removed four weeks after reduction and radio- 
graphs then made will show union taking place. The patient is in- 
structed to massage and to move the foot and ankle actively and_pas- 
sively but is not allowed weight-bearing on the injured foot. Four weeks 
later, or two months after reduction, another radiograph is taken. The 
film will disclose that union is complete and that swelling has practically 
disappeared. The patient is now allowed to walk on the foot using his 
crutches. Strangely, he does so without pain and within a week, in most 
cases, will discard his crutches and walk without support and will have 
recovered sufficiently to return to his work in two and one-half to three 
months from the time of reduction. It has not been necessary in any 
instance to cut the heel tendon or to use pins or tongs to bring about 
or to maintain reduction. We have, however, found it necessary to use 
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Fig, 5.—Case 6, left os calcis, anteroposterior view. A, The anterior portion of 
the os caleis has been fractured but fracture does not involve os calcis-cuboid joint; 
B, three months after reduction, the fractured bone replaced. 
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Fig. 6.—Case 6, left os calecis. A, Fracture with broadening and shortening, also 
a fracture of os calcis tubercle; B, shows broadened and shortened bone restored 
to normal with full union three months after reduction, 
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a modification of a Phelps-Gocht clamp to bring down a badly com- 
minuted heel and to hold it until the compression clamp could be applied 
to bring about lateral pressure. 


Fig. 7.—Case 6, right os calcis, before and three months after reduction. A, 
Shows severe comminuted fracture, carrying angle negative, posterior joint surface 
driven down and crushed; B, posterior articular surface replaced and carrying angle 
restored to normal with astragalus. 


Cose 
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Fig. 8.—Case 6, right os calcis, before and three months after reduction. Antero- 
posterior view. A, Shows anterior portion of os calcis, comminuted and displaced 
laterally under malleolus; B, fractured bones replaced, malleolus now clear. 


We have employed this treatment in 26 cases, 3 with bilateral frae- 
tures, in the past two and one-half years, with gratifying results. Ot 
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the 23 single fractures, the left heel was involved in 15 cases. Two 
patients were women; ages ranged from twenty-two to seventy-nine 
years. All of the fractures showed displacement and involved both the 
subastragaloid and os calcis-cuboid joints. Of the first 20 cases, 4 re- 
turned to work in two and one-half months; 8 were recovered in three 
months, 5 in four months and 2 in five months after reduction. The 
patient in Case 8, with extensive crushing of both heels and almost com- 
plete destruction of the posterior joint surfaces, is still disabled after 
nine months but is-improving. He is able to get about without support, 
ean walk a mile but his feet are then painful. The remaining patients 
are still under treatment. 


Case 7-36 Re. 
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Fig. 9.—Case 6, right os calcis, before and three months after reduction. A, 
Extensive comminution with broadening and shortening and lateral deviation of bone; 
B shows bone restored to normal contour, fully united. 


Below are brief histories of the first eight cases: 


CASE 1.—E. R., railway switchman, aged seventy years. On Oct. 20, 1934, he was 
thrown from door of a baggage car, falling four feet and landing with his left foot 


on a rail. 

Radiographs disclosed a markedly comminuted fracture of the left os calcis ex- 
tending into the subastragalar and os calcis-cuboid joints. A definite widening of the 
os calcis and a slight plantar dislocation of the scaphoid at the astragalar-scaphoid 


joint. 
Reduction of fracture made Oct. 26, 1934. Cast removed one month later. Weight- 
bearing allowed two months after reduction. Returned to work fully recovered 


three months after reduction. 


CASE 2.—C. F., retired railway engineer, aged seventy-five years. On June 12, 
1935, while on a ladder painting his lake cabin, he feli five feet, sustaining a fracture 
of the left os calcis. 
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Radiographs showed a comminuted impacted fracture of the left os calcis, involv- 
ing subastragalar and cuboid joints. 

Reduction of fracture made June 19, X-rays showed only partial disimpaction. 
Three days later heel again manipulated and cast applied. Cast removed one month 
later. Two months after reduction allowed to walk, fully recovered, and no pain two 


and one-half months after last reduction. 


Case 3.—G. 8., machinist’s helper, aged thirty-four years. On Nov. 17, 1935, he 


was on a box-car spray-painting ceiling of shop and accidentally stepped off top of 


car and fell to the floor, fracturing right os calcis. 

Radiographs revealed a markedly comminuted fracture of the right os caleis with 
impaction and a definite flattening of the plantar surfaces of the os caleis. Frae- 
ture involved subastragalar joint in several places. 

Reduction effected Nov. 23, 1935. Cast was removed one month later. Jan. 23, 
1936, allowed to walk on foot. Feb, 10, 1936, returned to work, full motion, no 


pain, 


Case 4.—E. H., train baggageman, aged fifty years. On Dee, 5, 1935, was un- 
loading mail from train onto a platform truck and fell from truck, a distance of 
three feet, landing with left foot on brick paving. 

Radiographs showed an impacted fracture of the anterior portion of the left os 
‘aleis, involving the subastragalar joint in several places. 

Reduction of fracture Dee. 14, 1935. Fracture re-reduced Dec. 21, 1935. Cast 
removed Jan. 18, 1936. Weight-bearing Feb. 18, 1936, Returned to work March 
31, 1936, full recovery, lateral motion excellent. 


CasE 5.—J. P., laborer, aged fifty-six years. On April 11, 1936, fell from a ladder 
a distance of six feet, sustaining a fracture of the left os calcis. 

Radiographs showed a comminuted fracture with impaction and marked spreading 
of fragments. Fracture involved the subastragalar and os calcis-cuboid joints. 

Reduction of fracture April 18, 1936. Cast removed May 16, 1936. Weight-bear- 
ing June 15, 1936. Discarded crutches on June 18, 1936. Returned to regular work 
July 9, 1936, fully recovered, two and one-half months after reduction. 


CASE 6.—F. B., aged twenty-four years, salesman. On May 19, 1936, he fell down 
an elevator shaft and fractured both heels. 

Radiographs showed markedly comminuted fractures of both os calces, the right 
heel badly crushed. Both involved subastragalar and os caleis-cuboid joints. 

May 29, 1936, reduction. Cast removed from left heel one month later and from 
right heel six weeks later. Patient able to walk with crutches two months after 
reduction, and with a cane ten weeks after reduction. Returned to work four months 
after reduction. Left heel, complete recovery; right heel, considerable restriction of 
lateral motion in subastragalar joint, slight soreness. 


CASE 7.—W. 8., aged sixty years, salesman. On May 21, 1936, he fell four feet 
from a ladder to a concrete garage floor, sustaining a fracture of the left os calcis. 

Radiographs showed a comminuted fracture of the left os calcis, involving sub- 
astragalar and cuboid joints. 

Reduction May 26, 1936. Cast removed three weeks later. Weight-bearing eight 
weeks after reduction. Fully recovered three months after injury. 


CASE 5.—F. B., aged fifty-five years, railway mail clerk. On June 4, 1936, he 
fell twenty feet from a ladder to a concrete driveway at his home, fracturing both 
heels. 

Radiograph revealed extensive crushing of both os calces, involving subastragalar 
and cuboid joints. 
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Reduction June 15, 1936. Re-reduction June 20, modified Phelps-Gocht clamp 
used. Sept. 5, began to use crutches. Sept. 12, began to use cane, feet still swollen 
and painful but improving. 

SUMMARY 


The essential factors in the treatment of fractures of the os ealeis, I 
believe, are: 

1. Proper radiographs, particularly the anteroposterior view, and 
their proper interpretation. 

2. Complete disimpaction of the fracture by manual manipulation. 
All fractures of the os ealeis, except those of the beak and simple tu- 
berosity groups, should be manipulated. 

3. Complete loosening up of the subastragalar joint accomplished in 


the manipulation. 
4. Pulling the heel down into place with the tendon relaxed. It is 
necessary that the carrying angle, or salient angle, as termed by Bohler, 


be restored to nearly normal. 

5. Replacement of the disimpacted fractured bones by use of a suitable 
clamp. The broadening of the posterior portion of the bone should be 
overcome. The lateral displacement of the anterior portion must be 
corrected to avoid impingement with the tip of the external malleolus. 

6. Application of a cast with molding of the cast under the malleoli, 
over the back of the heel, and under the arch of the foot to maintain 
reduction. The knee must be held flexed to right angles and the foot in 
full plantar flexion in this procedure to relax the heel tendon. 

7. Removal of the east early, one month after reduction. Roentgenol- 
ogy has shown us that the bones of the foot show decalcification early 
and prolonged immobilization also promotes soft tissue thickening and 
a resulting partial immobility, which becomes more or less permanent. 

8. Institution of massage and active motion of the foot and ankle with- 
out weight-bearing for one month to six weeks. 

9. Early weight-bearing to be determined by radiograph. It is sur- 
prising to see union taking place at one month and complete union 
in the ordinary type of fracture two months after reduction. 
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TREATMENT OF PERIPHERAL VASCULAR DISEASE BY A 
SUCTION-PRESSURE CHAMBER APPLIED TO THE THIGH 


Emite Houtman, M.D., T. L. M.D., SAN FRANcIScO, CALIF. 
(From the Department of Surgery, Stanford University Medical School*) 


— the initial enthusiasm that greeted the brilliant concep- 
tion of improving peripheral circulation by alternating pressures 
applied to an extremity in an enclosed chamber, as developed by 
Landis, Hermann, and Reid, the results are not always as good or as 
permanent as might be desired. 

The reasons are obvious. Suction on an obliterated rigid vascular 
tree cannot increase the blood supply unless there are available less 
rigid and less obliterated channels capable of responding to external 
influence, and capable of transporting blood to the areas of lessened 
pressure. At best, also, suction is exerted only upon superficial tis- 
sues, and unless these tissues are soft and pliable, the influence upon 
deeper structures and larger deeper vessels is minimal. 

These considerations led logically to the supposition that were such 
alternating suction and pressure applied to structures and _ vessels 
still resilient and pliable enough to respond more readily to externally 
applied forces, the effect upon the vascularity of the limb might be 
more pronounced and more permanent. The idea was freely dis- 
eussed and considered for several months before the opportunity pre- 
sented itself of developing the necessary suction and pressure chamber 
and for its application upon the thigh in a suitable case. In order 
that the idea may be further tested and developed in ¢linies with 
more material at their command, the following description of the ap- 
paratus and the results obtained in two cases are presented. 


DESCRIPTION OF SUCTION AND PRESSURE CHAMBER 


See Figs. 1, 2, and 3. An oval cylinder was made of 2 mm. metal, 
with diameters of 17 and 19 em., 22 em. long and 58 em. in cireum- 
ference. An aperture on one side admitted a ferrule for the attach- 
ment of an ordinary garden hose. Fitted to each end of the cylinder 
was a detachable metal screw band. Rubber cuffs were made from 
sheets of pure gum, 2 mm. thick, vuleanized to make eylinders 23, 21, 
18, and 17 em. in diameter, and 26 em. long. Combinations of these 
cuffs were snugly fitted to the patient’s thigh and attached firmly to 
the metal cylinder by screw bands. 


TREATMENT 


The patient is placed in a semisitting posture, with a blanket cover- 
ing teet, legs, and thighs. After one hour in this posture in a room 


*Aided by a grant from the Rockefeller Fluid Research Fund. 
Received for publication, July 1, 1937. 
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temperature maintained at approximately 23.3° C. (74° F.), treatment 
is begun. The thigh is dried, taleum applied, the proximal rubber 
euff pulled well up the thigh so that it covers the proximal half of the 


thigh. The metal cylinder is pushed over this proximal cuff until it 


touches the pubic bone. The distal rubber cuff is tucked under the 
cylinder so that the metal cylinder partially covers both rubber 
cuffs. In sagittal section the cuffs both deseribe an S-curve. Conse- 
quently, when either positive or negative pressure is applied within 


Fig. 1.—A, Photograph of thigh cylinder showing actual length of metal cylinder 
and its two rubber cuffs, the larger to fit the upper thigh, the smaller to fit the 
lower high. B, Cylinder in place on thigh showing overlapping of rubber cuffs with- 
in the metal cylinder. 


the chamber, there is no leakage of air. Even though a slight leakage 
should occur, it causes no harm if the desired pressure alterations are 
obtained through manipulation of the suction-pressure mechanism. A 
earden hose leads from the chamber to the pressure regulating ap- 
paratus.* The pressure within the chamber alternates every five 
seconds from —70 to +50 mm. of mereury. 


*A “homemade” machine produced at a cost of $125 has now been in use for 
over 18 months in the application cf the usual Pavaex treatment. 
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Skin temperatures were taken every fifteen minutes during daily 
treatment lasting one and one-half hours, at two points: Ry and Ly 
represent temperatures taken on the volar surfaces of the great 
right and left toes; Ry» and Le represent temperatures taken at points 
a hand’s breadth proximal to internal malleolus. 


Case 1.—B. V. B., an adult male, forty-nine vears of age, was first seen in 


June, 1936, for an early obliterative lesion involving the vessels of the right foot 
A 5 


Fig. 2.- -Photographs of thigh cylinder while in place (A) during negative pressure 
phase of -—70 mm. Hg; (B) during positive pressure phase of +30 mm. Hg. 


which had been productive of slight symptoms for approximately five years, more 
pronounced in recent months. The foot felt much colder than its fellow and_be- 
came painful on exercise and while working. He was a heavy smoker. There 
was marked dependent rubor and marked blanching on elevation. There was slight 
swelling of the foot, and the dorsalis pedis and posterior tibial arteries were not 
palpable. He was subjected to the usual Pavaex treatment for two to two and 
one-half hours daily from June 29 to August 15, 1936, the pressure alterations 
extending from —80 mm. mereury to +20 mm. mereury. There was absolutely no 
objeetive or subjective improvement either during or following the treatments. 
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He was seen again in January, 1937, with the obliterative process more ad- 
vanced and with greater subjective discomfort. There was again absence of pal- 
pable dorsalis pedis and posterior tibial vessels, marked dependent rubor, and 
gravitational pallor. Lying over the caleaneus and over the heads of the third 
end fourth metatarsals were infected calluses, exceedingly tender and painful, with 
draining sinuses leading under the callosities. Generalized pain in the foot fol 
lowed walking of only 200 yards, 

When the application of the thigh chamber was advised, he strongly objected 
hecause of the absolute ineffectiveness of the previous Pavaex treatment. His 
objections were overruled and treatment of the right foot was begun on Jan- 
vary 15, 1957. The following readings were made on this date: 

22.9° ©, 23.1° C, 


©, 302° ©, 


Fig. 3.—End-on view of thigh cylinder showing oval shape and its measured size. 


On April 10, 1937, treatments were discontinued and on this date the following 
temperature readings were made: 


312°C. 
©. 


Subjective and objective improvement paralleled the obvious improvement in 
surface temperatures. By the eighth day the callosities were smaller and _ less 
tender and he was able to walk 400 yards before the onset of pain. By the 
twenty-third day he could walk 800 yards without pain. On this day, too, 2 
dorsalis pedis pulsation was noted for the first time. By the twenty-eighth day 
both posterior tibial and dorsalis pedis arteries were palpable; there was no pain 
on walking; the callosities were practically gone, and he was much pleased with 
his condition. He returned to work after an absence of sixteen weeks and has 


heen seen on several occasions since, very satisfied with his comfort and his greatly 


improved condition. 
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CASE 2.—An Italian, eighty yeais of age, appeared in the clinic on March 17, 
1937, complaining of severe cramps and burning pain in his legs for the previous 
two months. He was barely able to walk with the aid of a crutch and cane. He 
had been unable to sleep during the previous several weeks more than short pe- 
riods of one-half to one hour because of pain, 

Both lower legs and feet showed a marked brawny indurated enlargement with 
an erysipeloid blush on the surface. Under the right heel was a thick callus in 
the center of which was an exquisitely painful ulcer. On the volar surface of the 
second toe on the right was another small exceedingly tender 4 mm. ulcer. Both 
feet, the right more than the left, showed marked dependent rubor and gravita- 


Fig. 4.—Case 2. Photograph twenty-eight days after beginning of treatment. 
The right leg was originally larger than the left; now by actual measurement, 8 ecm. 
less in circumference in midealf; the ulcer at the tip of the second toe is healed. 
At beginning of treatment, patient was considered a certain candidate for amputa- 
tion of the right leg. At the present time he is comfortable and amputation is no 
longer deemed necessary. 


tional pallor. The circumference of the midleg was 42 cm. on the right and 40 
em. on the left. At the ankle the circumference measured 28 cm. on the right 
and 27 em. on the left. At R, the surface temperature was 26.2° C; at L,, 
62.2° C; at R,, 29° C; at L,, 52.2° C. The patient was unable to walk more than 
10 yards with crutch and cane without great pain. 

The thigh cylinder was applied, but because of great pain in the toe and heel, 
it was discontinued after five minutes, the pressures within the cylinder varying 


only from -20 mm. Hg to +20 mm. Hg. On the third day treatment was continued 
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for 10 minutes before pain forced its cessation and pressures from -40 mm. Hg 
to +40 mm. were applied. On the sixth day, treatment was possible for 20 minutes 
before pain forced its cessation, and pressures from —70 mm. Hg to +50 mm. Hg 
were applied. At this time he was able to sleep from four to five hours at night 
without being awakened by pain. By the eighteenth day of treatment he was 
walking with much greater ease, he slept 6 to 8 hours at night without awakening, 
and he slept throughout the period during which the treatment was given. 

At the end of twenty-eight days the ulcer on the toe had healed, the infection 
and reaction around the heel ulcer had practically subsided, the callus was less 
thick, the right leg, which at the beginning of the treatment was more swollen 
than the left, had lost much of its brawny edema. The circumference of the right 
mid leg was 34 em, as compared to a previous circumference of 42 em. At the 
ankle it measured 23 em. instead of 28 em. (Fig. 4). The surface temperatures 
had improved also: R, was 29° C. instead of 26° C.; R, was 32° C. instead of 


29° C.; L, was 32.5° C. and L, was 33.0° C. 


DISCUSSION 


The suction-pressure chamber applied to the thigh has definite ad- 
vantages: 

1. It exerts its influence on vessels which are still patent and pliable 
instead of upon an obliterated or practically obliterated arterial bed. 
The former vessels are capable of responding to external influence, 
whereas, the latter may not be. 

2. It can be applied in the presence of infection upon the foot with- 
out danger of spreading such infection by active massage. The healing 
of indolent, previously recalcitrant ulcers has been achieved under its 
treatment. 

3. It is applicable when the Pavaex boot cannot be used due to the 
unbearable pain produced by the active massage of inflamed tissues. 

4. The thigh chamber proved its effectiveness in a case previously 
treated without benefit by the Pavaex boot. 

5. It is applicable in obliterative vascular disease whether due to 
thromboangiitis or to arteriosclerosis. 

6. The thigh chamber is in reality a peripheral or accessory ‘‘heart.”’ 
During the negative pressure phase, it draws blood into the thigh; and 
during the positive phase, it forces this blood into the peripheral ves- 
sels. Its action is comparable with that of a ‘‘booster pump.’’ 
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THE THERAPY OF SURGICAL COMPLICATIONS OF DIABETES 
MELLITUS AT PRESBYTERIAN HOSPITAL 
IN NEW YORK CITY, 1930-1935 


Beverty Cuew Smiru, M.D., New York, N. Y. 
(From the Department of Surgery, College of Physicians and Surgeons, 
Columbia University) 


HE mortality in fifty amputations for diabetic gangrene at the 
Presbyterian Hospital in New York City from 1916 to 1927 was 
45 per cent. A review of these cases convinced me that this mortality 
could and should be reduced. Most of these amputations were done 
through the thigh, and of those that survived, a relatively small num- 
ber used a prosthesis. They represented a miserable group of inea- 
pacitated people of advanced years who were a burden to themselves 


and a great expense to those caring for them. 


In the cities we have somewhat of a different economic problem with 
amputated diabetics than with those in rural communities, even though 
their pathology may be the same. Patients in country hospitals or 
those referred from the country to hospitals in cities, when discharged, 
return to the country, to a home where some member of the family 
is always present to care for them. They convalesce, adapt themselves 
to their incapacitation in their country environment, and are assimi- 
lated into the home with a minimum of expense and inconvenience to 
the remainder of the household. Their life through the seasons is less 
confined than in a city. In New York City if a diabetic has an ampu- 
tation performed, it is practically impossible to find a place for him 
in which to convalesce other than his own abode. Tenements still lack 
elevators; top floor rents are less expensive than the lower floors. 
Their outlook is quite unlike that of the country, and amputees re- 
turned there seldom get out if they cannot use a prosthesis. In many 
instances these patients necessitate some member of a family staying 
from work to care for their diet, insulin, and chair or bed habitus. . 
This has reduced the family income so much that many have become 
dependent public charges. Because of the difficulties and cost of trans- 
portation, these patients are seen in clinics at infrequent and long 
intervals; and their inability to afford medical care at home deprives 
them of proper supervision. The above facts were ascertained from 
patients and social service workers in our follow-up clinic. The diabetic 


thigh amputee was in many instances a pathetic and abandoned re- 


sponsibility whose miserable existence was hurried to an early end by 
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a group of economic and social conditions which were overpowering 
and unsurmountable. The individual incapacitation was the result of 
the accepted widespread therapy of a thigh amputation for a gangre- 
nous toe, permitting primary union, early hospital discharge, relegation 
to clinie care, and an indifferent follow-up supervision. 

The above, in part, animated our attempt at Presbyterian Hospital to 
give more intensive hospital and follow-up study to these patients. 

In 1930 Allen Whipple, the director of the surgical service, set aside 
four beds on each of two surgical services for the occupancy of surgical 
diabetics. One surgeon from each division was assigned to their care 
in conjunction with one medical consultant attached to both surgical 
services who saw each case daily with the surgeon and by whom at all 
times the surgeon’s appeal for therapeutic advice was quickly answered. 
This eight-bed service cares for sixty-five to seventy-five diabetics yearly. 
Whereas it has cost the hospital $6,000 to $7,000 a year to maintain, it has 
afforded us an opportunity to treat and follow these patients more inten- 
sively. The same group which is responsible for their hospital care sees 
them in the follow-up clinie and there continues to regulate their therapy 
as changing circumstances warrant. We who treat them have gained a 
more intimate working knowledge of their pathology, their responses to 
various treatments under given circumstances, and the problems of their 
convalescence and rehabilitation. 

We have found it advantageous to have their nursing care supervised 
by a graduate nurse who instructs the frequently changing personnel of 
student nurses. She supervises diets, insulin, the accurate collection of 
specimens, and recording of laboratory results, in a consecutive manner, 
on a sheet in the patient’s chart for this purpose, which gives us an 
easily comprehended course record of the medical therapy and its results. 
The special attention these patients require to ascertain insulin shock, 
prevention of decubiti, frequent open dressings, and local extremity 
treatments are more efficiently carried out and taught student nurses by 
one who, from constant contact, has a more intimate knowledge of these 
patients’ nursing problems. 

The surgical house staff supervises the diabetics along with other 
surgical cases. It has been interesting to note how they, too, have come 
to realize the special dressing care these patients require, and they have 
shown an interest in treatments which heretofore had often been indif- 
ferent and ineffective. 

Diabetes spares neither sex nor age, but its complications are seen 
most frequently in females between fifty and seventy years of age. In 
the extremity cases it is almost invariably accompanied by an advanced 
degree of either the calcifying or the Monckeberg type of arteriosclerosis. 
This, as a result of their diabetes, is seen about a deeade earlier than in 
the arteriosclerotics without diabetes. Besides specifie diabetic therapy, 
these patients require accurate medical evaluation of their cardiovascu- 
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lar renal status before the extent of the surgery they will stand can be 
determined. Arterial damage in the heart, brain, peripheral arteries, 
soft parts, cord and peripheral nerves is a check on more radical surgery 
which might be performed on nondiabetics. The eryptic phrase that a 
controlled diabetic can be operated upon the same as a nondiabetic is 
not wholly true. Controlled diabetics are postoperatively more prone to 
wound infections in clean contaminated cases. Pneumonia is more 
prevalent following upper abdominal operations. Trivial wound intec- 
tions are more apt to go on to the more serious ones with fascial sloughs, 
disruptions, with and without evisceration, and hernia formation, neces- 
sitating subsequent operative repair. They do not stand multiple anes- 
theties or operations as well as nondiabeties. Diabetes is a desperately 
severe complication in any case of carcinoma. The mortality of gastric, 
large bowel, and rectal resections for carcinoma in diabetics is discour- 
agingly high. Radical mastectomy in which close skin undermining and 
wide fascial plane dissections are done invites necrosis of the skin flaps 
which exacerbates their hyperglycemia, prolongs hospital and clinic 
dressings, and is conducive of arm lymphedema with its attendant dis- 
ability. A decrease of the operative extent in such a case, in order to 
secure primary wound healing, is not in accord with the best present con- 
ceptions of cancer surgery and is conducive not to a recurrence but a 
persistence of the carcinoma in the patient. The mortality of cancer 
surgery in uncontrolled or uncontrollable diabetics is so prohibitive that 
only palliative procedures should be undertaken upon them. 

Concomitant cerebral sclerosis in extremity gangrene enhances dis- 
orientation associated with their toxemia, defies sleep-producing medica- 
tion, leads to either the accident of getting or falling out of bed, exhaus- 
tion, and in their convalescence produces a faulty equilibrium which 
prevents their use of crutches or a thigh prosthesis. Sedatives, unless 
most judiciously given, interfere with gastrointestinal, genitourinary, 
and cerebral functions and their use requires attention to intimate detail 
in the individual case. 

Practically, we have found it difficult to get these elderly people to 
consume a diet of 200 to 300 em. of CHO daily. The bulk of the food is 
beyond their appetite. They are better able to walk with an artificial 
leg if they are not overweight. It has been the exceptional case whose 
local condition of impending gangrene has been arrested by a high car- 
bohydrate diet and large insulin dosage, and in those in whom it oe- 
curred, bed rest and local therapeutic measures were also in use. A 
high concentration of oxygen environment about an extremity wound 
or available to the lungs has also benefited the occasional case, but its 
use has been too expensive for a large series of cases. 

As regards diet, we have tended rather uniformly to prescribe 100 em. 
of carbohydrate, 50 gm. of protein, and 60 gm. of fat, containing 
requisite vitamins and mineral substances. 
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Insulin dosage is based on blood sugar and glycosuria expressed in 
1 to 4 plus, of three partitioned twenty-four-hour urinary output, and 
of each specimen in the sicker cases. The daily insulin dosage is fre- 
quently augmented by additional doses given for a single specimen 
glycosuria. We are using protamine insulin more frequently and _ find 
diabetes with surgical complications is amenable to single doses of less 
insulin. As yet we have had more success with it in the convalescent 
rather than the acute cases. Blood sugar tests are done on admission 
and during convalescence, particularly in the absence of glycosuria, be- 
cause we believe wound healing proceeds more rapidly in the absence of 
a hyperglycemia. We have encountered one or two renal diabetics each 
year as proved by their normal glucose tolerance tests and blood sugars, 
in spite of their glycosuria. This condition has shown no appreciable 
effect on convalescence or the amount and type of surgery they will 
stand. 

We have become rather conservative in the treatment of carbuncles 
on the back of the neck. We rarely practice crucial incisions or excision. 
We prefer to secure drainage by means of the chemicals, carbolic acid 
or potassium hydroxide, or by multiple cautery punctures. With the 
chemicals, no anesthesia is needed. For cautery puncture G & O or 
a small dose of avertin is used. Their blood sugars may be difficult 
to control for a short while, but we have seen no approach to coma in 
very extensive cases. Sedatives, poultices, and frequently changed wet 
dressings give relief from pain and aid drainage which, when estab- 
lished, makes the diabetes easier to control and eventually leaves the 
patient with a much better cosmetic effect. Carbuncles elsewhere than on 
the face may be incised or excised. 

We are particularly concerned with the extremity cases because of 
their frequency and high mortality. This group accounts for a far 
greater number of surgical diabetics on a general surgical service than 
any other. In fact I am impressed with the small number of cases other 
than extremity ones that we see on the diabetic services at Presbyterian 
Hospital. 

One of the most important phases of extremity diabetic surgery is 
prophylactic hygiene. In the last seventy-five amputations done at Pres- 
byterian Hospital, the initial precipitating cause of the pathology which 
eventually led to amputation was cutting a corn or callus in 40 per cent 
of the cases. We give to each patient a printed slip of instructions for 
the care of their feet and quiz them repeatedly as to their understanding 
and carrying out of these instructions. The care of the feet of diabetics 
should be one of the most important features of their daily life. Shoes 


producing calluses or pressure points should be discarded. Calluses and 
corns should be aseptically treated by a surgeon, a recognized podiatrist 
under surgical supervision, or one of known training, cooperation, and 
understanding of the inherent dangers of pedicures. It is dangerous to 
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advise patients to do their own pedicures. They injure and infect them- 
selves because of poor vision from retinitis or cataracts and anesthesia 
of the toes. Ninety-eight per cent of our cases with extremity gangrene 
have had advanced retinitis or cataracts. 

One surgical division at Bellevue Hospital has decreased the number 
of gangrene cases admitted to their wards from their clinie by washing 
the feet of their out-patients and by providing them with clean hosiery. 
This servile gesture has made these patients foot conscious; has dis- 
covered epidermophytotic infections, infected ingrowing nails, corns, 
calluses, improper foot orthopedics, abrasions; and has reduced the 
incidence of gangrene admitted. 

In spite of the many times innumerable essayists have publicly ad- 
vocated and advised foot prophylactic treatments in diabetics, I feel 
it is worthy of mention as a pertinent factor which should be in- 
cluded in the routine of any diabetic ¢linic—whether it treat clinic or 
private patients. It is the responsibility of the doctor to give it, see 
that it is understood and carried out. 

In conjunction with the peripheral vascular disease clinic, we have 
associated a graduate podiatrist under our own surgical supervision. 
All diabetics are referred to him periodically for aseptic pedicures. 
When he encounters infection he refers the case to surgery as an 
emergency, and I assure you the patients are as grateful for his pres- 
ence as we are. 

All diabetics are periodically referred from the medical and follow- 
up clinics to the peripheral vascular disease clinic, where oscillometric 
readings, surface temperature observations, and an orthopedie opinion 
is obtained as to the status of their lower extremities, regardless of 
whether or not they are having symptoms. <A detailed description of 
the condition of their blood vessels, skin, bones, joints, peripheral 
nerves, posture, and footgear is incorporated in their charts and ap- 
propriate recommendations made for suitable treatments. 

As soon as an extremity case is admitted to the house, it is seen by 
the medical and surgical attending and all of his treatments are 
ordered simultaneously. If he is dehydrated, septic, or acidotice, the 
results of his treatments are watched by both the surgeon and intern- 
ist until operation is decided upon. Once surgery is performed, he 
becomes the responsibility of the surgeon, but the internist continues 
his medical treatment. [ do not think it wise for the surgeon to re- 
main oblivious to the medical therapy, because the patient’s response 
to this is a definite indication of the amount of conservative surgery 
indicated, the extent of radical procedures he will tolerate, and per- 
mits of recognition by the surgeon of danger signals during con- 
valescence. 

If diabetes can be controlled, conservative surgery may be persisted 
in as lone as the wound shows evidence of repair regardless of the 
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absence of palpable vessels, as an adeuate collateral circulation will 
keep a part viable and will permit healing. If symptoms of septicemia 
appear, we quickly institute more radical measures. 

Oscillometry indicates the degree of pulsation in arteries. A zero 
reading is ominous, but it does not always mean there is not a trickle 
of blood through the vessel lumen. I am optimistic of primary wound 
healing in the lower third of the leg with an oscillometric reading 
there as low as 0.5. Surface temperature with a thermocouple in an 
environmental temperature of 68° to 70° F. indicates the degree of 
existing collateral circulation. Trained palpation will permit one to 
come within 1° to 1.5° of the actual skin temperature. In spite of 
these mechanical aids, much can be learned from a carefully taken 
history which chronologically shows development of symptoms of cold, 
pain, intermittent claudication, and thrombotic episodes. <A local 
physical examination of the extremities elevated, dependent, at rest, 
and during ambulation will give a very definite idea of the degree and 
extent of circulation present. The presence of cellulitis, lymphangitis, 
and lymphadenitis is ominous and ealls for either the gentlest of local 
treatments or else radical surgery. The presence and dissemination 
of infection in subcutaneous tissues, tendon sheaths, lymphaties, veins, 
bones, and joints must be comprehended along anatomic routes and 
the methods used to check inflammation should not spread it. 

A wound swab is smeared as well as cultured as one of the first 
treatments. A hemolytic streptococcus and Staphylococcus aureus to- 
gether, a Welch organism, or an anaerobic streptococcus focuses atten- 
tion on the treatment of this bacteriology as well as the patient as a 
whole. In the presence of a hemolytic streptococcus, we have used 
sulphonamide (prontylin) by mouth up to 3.6 gm. daily, divided into 
four doses of 0.9 gm. each, and also a 2.5 per cent solution in saline 
locally in the wound. In the small number of cases so treated, its 
action has been salutary and we have had no serious complications from 
its use to date, in spite of complications which have arisen from its use 
in other surgical cases. Cultures of abscesses, ulcers, sinuses, and toe 
amputation sites have shown that the streptococcus has disappeared 
more rapidly from wounds so treated than those in which we have used 
Dakin’s, saline or borie solutions. Devitalized asphyxial tissues do not 
tolerate Dakin’s solution as well as those with a normal blood supply. 
It is frequently so painful it cannot be used until the wound is well 
lined with granulations. Prontylin solutions locally are painless. 

Infected extremities with organically occluded arteries should not be 
elevated above bed level unless edema is present, and even then the 
angle of maximum circulatory efficiency should be ascertained and 
maintained. 

Environmental temperatures above 95° F. are dangerous. Tissues 
burn more easily because of the absence of circulating blood to radiate 
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TABLE I 


TOE AMPUTATIONS FOR DIABETIC GANGRENE, 1930 TO 1937 


MULTIPLE SINGLE REAMPUTA- 
YO. CASE ‘TALITY 
NO. CASES DIED | MORTALITY 
Patients 32 5 15.4% 2 (1 died) 46 11, or 23.9% 
Toes 48 10.0% 


external heat evenly through them. Heat elevates tissue metabolism, 
demands a greater supply of oxygen than occluded vessels can locally 
deliver, increases anoxemia, and precipitates tissue death and gangrene. 
I have forbidden the use of electric pads, hot water bottles, and chemi- 
cally heated solid substances in the wards. I prefer a thermostatically 
controlled light which under two blankets over an ordinary foot cradle 
goes off automatically when the surrounding air reaches 95° KF. and 
comes on when the temperature drops to 85° F. If an electric¢ bulb is 
used, it should not be larger than 40 watts and an air thermometer 
should be suspended from the cradle so that the temperature can at all 
times be known. Automatically controlled electric cradles are useful 
but unnecessarily expensive. I have done five amputations in diabetics 
because of burns obtained while trying to warm their feet. 

We have effectively used pressure-suction boot treatments on wounds 
without lymphangitis and phlebitis. The amount and cycle of each 
pressure are adjusted to the visible responses of each case and are 
changed from day to day depending upon the wound response. I will 
not use such a machine which is not adjustable, as I know from experi- 
ence that different amounts of blood supply react differently to dif- 
ferent pressures and cycles. It is not plausible to expect the arteries of 
all extremities to be equally occluded, and a maximum benefit is ob- 
tained by the optimal pressures and cycles for the individual degree 
of occlusion. 


Peripheral nerve block by crushing or alcohol injection after exposure 
with novocaine anesthesia has relieved pain and enabled the continuance 
of conservative methods, but it has been less effective in avoiding am- 
putations in cases with diabetes mellitus than in any other group. 
Eighty-one per cent of a group of 11 arteriosclerotic diabetics in whom 
I erushed the deep peroneal, posterior tibial, superficial peroneal, and 
sural nerves were relieved of 75 to 90 per cent of their pain as estimated 
by the patients; but 9 went on to gangrene which required amputation ; 
whereas, 2 were saved from amputation. This procedure is less in- 
dicated in this group than in thromboangiitis obliterans and arterio- 
sclerosis without diabetes. 


In our earlier experience with diabetic gangrene we were guided by 
the accepted practice in New York of doing thigh amputations. This I 
believe emanated from the city hospitals where advanced cases were 
treated. 


— 

| 

é 

4 
r 


SURGERY 


TABLE II 


OTHER AMPUTATIONS FOR DIABETES MELLITUS THROUGH LEG, 1980—1937 


CIRCULAR 


No. of amputations Died Mortality 
5 1 20% 
Causes of Death Pneumonia 
Reamputations 1 revision 
Artificial legs - 
Reasons for not wearing artificial legs: 
Finances 1 
Died 1 
Other pathology 2 
FLAPS 
No. of amputations Died Mortality 
7 1 14.2% 
Causes of Death Hemiplegia 2 
Reamputations 1 revision 
2 Thigh amputations 
Artificial legs 2 
Reasons for not wearing artificial legs: 
Died 1 
Other pathology 4 
GRITTI-STOKES 
No. of amputations Died Mortality 
9 1 11.1% 
Reamputations 2 
Artificial legs + 
Reasons for not wearing artificial legs: 
Died 1 
Other pathology 4 
Unknown 1 


In 1930, I began to do a type of amputation through the leg, the 
technique of which I published in the Archives of Surgery in August, 
1932. This was a more conservative procedure which I called a modified 
guillotine amputation because it embodied some of the principles of the 
true guillotine. I was particularly anxious to save these patients’ knee 


TABLE IIT 


AMPUTATIONS THROUGH THIGH FOR DIABETIC GANGRENE, 1930—1937* 


Died Mortality Artificial legs 


No. of amputations 
17 5 29.4% None 
Reasons for not wearing artificial legs: 
Senility ] Would not use leg 8 
Pathology elsewhere 2 Unknown 1 


*One case of disarticulation through the knee joint died 25 days after operation 
of sepsis. 


joints, since with it they could handle a prosthesis for the leg with 
greater ease than with a thigh amputation. A leg stump also gave them 
better balance when they walked with crutches if they could not afford 
an artificial lez. The problem was to pick the types of pathology which 
were suitable to this more conservative procedure. 
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TABLE IV 


TRUE GUILLOTINE AMPUTATIONS OF LEG AND THIGH FOR DIABETES MELLITUS, 
1930—1937 


No. of amputations Died Mortality 
Leg 17 29.4% 
Thigh 60.0% 
36.3% 


REAMPUTATIONS 


1 thigh, following thigh 7 Recovered 
1 leg, followed by thigh Recovered 
1 leg, followed by plastic on leg stump Recovered 


ARTIFICIAL LEGS 


Thigh amputations 
Leg amputations 


REASONS FOR NOT WEARING ARTIFICIAL LEGS 


Thigh 3 died in hospital 
1 unknown 
1 had severe pathology elsewhere 
Leg 5 died 
3 unknown 
4 would not wear leg, because of pathology elsewhere 


Prior to using the modified guillotine technique, we were prone to do 
circular flaps in the thigh, Gritti-Stokes amputation at the knee, 
anterior-posterior flaps in the leg or a true guillotine. The Gritti-Stokes 
technique has been abandoned except in selected cases, since it entails 
too much soft part operative trauma; necrosis of the skin suture line 
frequently occurred, the incidence of osteomyelitis of the femoral end 
or patella was too high; the patella too frequently did not fuse with 
the femur, and the stump was not altogether satisfactory for weight- 
bearing. In flap amputations through the leg, the collateral circulation 
in muscle bellies was so extensively compromised that even with drain- 
age, wound infection, sloughing, and reamputation through the thigh 
was frequently required to prevent sepsis. The true guillotine through 
the lower leg is a useful procedure to quickly rid a patient of his focus 
of infection, but wound healing is slow, hospitalization prolonged, osteo- 
myelitic sequestration of the tibia or fibula often oceurs; retraction of 
soft parts causes a conical stump, scar tissue attached to the bone ends 
is painful, frequently ulcerates, and the stump is too long to properly fit 
an artificial leg, which necessitates some type of plastic operation. We 
find this amputation most useful in septic cases whose diabetes is diffi- 
cult to control because of the amount of inflammation present in the 
foot, and in whom separation of the infected part is indicated with the 
least shock and tissue manipulation to prevent septicemia. 

Bearing the foregoing in mind, a modified guillotine technique of an 
amputation through the lower third of the lee was coneeived which 
embodied the following major principles: 

1. The least possible destruction of existing collateral circulation. 

2. More rapid wound healing than in the true guillotine. 
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TABLE V 


MODIFIED GUILLOTINE AMPUTATIONS, 1930—1937 


DIAGNOSIS NO. CASES DIED MORTALITY REAMPUTATIONS 
Diabetes 22 4 18.1% 2 (1 died) 
mellitus 
Thrombo- 6 0 0.0 0 
angiitis 
obliterans 
Arterio- 14 1 7.1% 1 (Plastic) 
sclerosis 

Total 42 5 11.9% 3 


3. Guillotine amputation of the soft parts at right angles without 
fascial plane dissections. 

4. A sufficiently long and well-nourished soft part to cover bone ends, 
not adhere to them after retraction, and remain viable and _ painless. 

5. Preservation of the knee joint. 

6. The least possible shock. 

7. A site sufficiently distant from active infection to warrant a rea- 
sonable chance of primary wound healing, yet leaving a stump of tibia 
5 to 7 inches long depending upon the patient’s height. 


TABLE VI 


ARTIFICIAL LEGS, 1930—1937, FOLLOWING MODIFIED GUILLOTINE AMPUTATIONS 


"ORE REASONS FOR NOT WEARING LEG 
NO. OF AM- — 


DIAGNOSIS ARTIFI- OTHER 
ITATIONS SENILIT FINANCE INKNOWN 


Diabetes 22 11 3 1 1 3 24 


mellitus 

Thrombo- 6 2 2 1 1 0 
angiitis 

obliterans 

Arterio- 14 f 4 2 1 


sclerosis 


For this procedure I prefer nitrous oxide to spinal anesthesia, and 
prepare the operative field before anesthesia is started, so that operating 
time will be reduced to a minimum. 

This amputation has been used in the past seven years, from 1930 to 
1937, in 22 diabetic amputations through the leg, with a mortality of 
18.1 per cent. It has also been used 20 times in amputations for gan- 
grene in such other conditions as thromboangiitis obliterans, arterio- 
sclerosis, thrombosis, and embolism with a hospital mortality of 5 per 
cent. 
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THE EFFECT OF COMPLETE INTESTINAL FISTULA 
ON BLOOD POTASSIUM 


JOHN Scupper, M.D., aNp RaAymunp L. Zwemer, Pu.D., 
New York, N. Y. 
(From the Departments of Surgical Pathology and Anatomy, College of Physicians 
and Surgeons, Columbia University) 


| Sapeemmcewi for the relief of acute intestinal obstruction was 
introduced by Dupuytren.! The value of this procedure has been 
controversial since its denunciation by Treves.2. Haden and Orr,® in 
an experimental investigation in dogs, reported that with the loss of 
digestive secretions from high intestinal fistulas there is a fall in blood 
chlorides and a rise in nonprotein nitrogen of the same magnitude as 
previously reported in acute intestinal obstruction.4* 

Azotemia and hypochloremia are seen also in pyloric obstruction, 
gastric and pancreatic fistulas, with alkalosis resulting if the loss of 
fixed acid is in excess of fixed base, and acidosis if the conditions are 
reversed.*!8 The clinical picture of asthenia, emaciation, loss of tissue 
turgor, associated with apathy, anorexia, and refusal to take fluids, 
is characteristic of the syndrome in these various conditions. This 
condition is benefited by parenteral injections of sodium chloride with 


the prompt amelioration of symptoms and prolongation of life. A lack 
of response to injections of water, glucose and other solutions suggests 
that the most important ions are sodium and chloride.'?** In brief, 
the dehydration associated with these various conditions yields if so- 


dium chloride is supplied. 

The concensus of opinions of numerous authors is that death in high 
intestinal obstruction and high intestinal fistula is due to dehydration 
and loss of sodium and chloride and not due to a toxemia. Dragstedt!? 
states that the postulation of an intoxication of endogenous origin is 
unnecessary. To Morton®® the ‘‘crucial test of the nontoxie hypothesis’’ 
lay in comparing the picture resulting from the loss of upper intestinal 
secretions in obstruction with that associated with an equally effective 
loss of these secretions through a complete fistula at the same level. 
His conclusion from this experimental inquiry both in rats and dogs 
confirmed the findings of Haden and Orr*® that simple high intestinal 
obstruction and fistula at the same level are essentially similar in the 
clinical picture, blood chemical changes, and life expectancy ; and fur- 
ther, a toxemia must be present in both or not present in either. Mor- 
ton’s challenge led us to follow blood potassium changes in eats with 
intestinal fistulas, since a blood potassium rise to lethal levels in acute 
intestinal obstruction has been reported by us?" and confirmed by 
Cutler and Pijoan.?8 


Received for publication, July 8, 1937. 
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METHODS 


Blood potassium was determined by the improved method of Trusz- 
kowski and Zwemer.?” Each analysis was done in duplicate, the 
accuracy of the method being within plus or minus 2 per cent. The 
specific gravity of the blood was measured by the falling drop method 
of Barbour and Hamilton.*° Eight adult male cats were used. They 
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were kept in steel cages and fed on a diet of milk, salmon, and cod 
liver oil. The operations, using aseptic technique, were performed 
under ether. 

EXPERIMENTAL DATA 


The characteristic symptoms of anorexia, apathy, and depression, 
together with a terminal manifestation of tetany and a refusal to take 
fluids, were seen in all eight experiments. The loss of fluids and elee- 
trolytes whether through gastric, duodenal, jejunal, or high intestinal 
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fistulas, was accompanied by a progressive loss of weight and a pro- 
gressive increase in hemoconcentration. In five experiments, the blood 
potassium fell during the first forty-eight hours, but with the con- 
tinued loss of salt and water there was an abrupt rise in all with 
increments of over 400 per cent in three (Fig. 1). 

In cats with the gastric fistulas the potassium rise was not so marked 
as in the other experiments. A reason for this may le in the fact that 
the gastric glands have been shown to separate potassium from the 


pies 


+ + 
+ 


Fig. 2*.—Enterostomy cat 4/27/37. EK taken after enterostomy. No control EK 
taken. Sinus tachycardia. Ventricular rate 260; P-R=0.07; QRS=0.03. Right 
preponderance. R1 absent; R2—7.2 mm.; R3 7.5 mm. S1 2.0 mm.; S2 0.5 mm.; 
S3 absent. T1 isoelectric; T2 upright, 1.2 mm.; T3 upright, 2.0 mm. T1 is flat and 
the T-waves are abnormal in contour in leads 2 and 3 because of an elevation of 
the RT segments. Rate is unusually rapid. 


blood to such an extent that the concentration of this base in the 
gastric juice is from two to four times the concentration in the 
plasma.*!*=5 We have reported previously even higher values in cases 
of experimental obstruction.** 


*Our thanks are due Prof. Levy and Dr. Chamberlain for EK studies in our 
experimental work on potassium. 
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The blood potassium lowering effect of sodium chloride solution is 
seen in Cat 3718, the hyperpotassemia being temporarily reduced by 
the administration of saline.** 


In Cat 3724, an electrocardiogram (Fig. 2) taken at a time when 
the blood potassium was 38.8 mg. per cent showed marked cardiac 
changes. The early work of Aubert and Dehn* on the deleterious 
action of inorganic potassium salts on the heart has been amply sub- 
stantiated in the literature.“* Gautrelet,** taking cardiograms of the 
frog’s heart poisoned by potassium, reported characteristic heart mus- 
cle fatigue. 


ABBREVIATED PROTOCOLS 


Group I, Ileostomy: 
Cat 3709.—Healthy adult male. Weight, 3.288 Kilos. 


The stoma was placed 13 em. below the pylorus. The distal end was inverted 
and dropped back into the peritoneal cavity while the proximal end was delivered 
and sutured to the abdominal wall giving a large fistulous opening. The animal 
survived 44% days. The drainage from the fistula was slight during the first 12 
hours; however, from then on the animal lost weight rapidly due to loss of intestinal 
secretions. Forty-eight hours after the operation characteristic tetany developed. 
During the first 2 days the cat drank readily but refused fluids for 2 days prior 
to death. 


The weight loss was progressive amounting to 2214 per cent. The rise in the 
density of the blood preceded the rise in whole blood potassium. During the last 
24 hours there was a marked rise in potassium, the increment being over 400 per 
cent. 


Autopsy.—This revealed a clean dry peritoneal cavity. The distal small in- 
testine was collapsed and ribbon-like. The large intestine was filled with hard 
feces. The stomach and duodenum were dilated. Liver and spleen appeared 
shrunken; kidneys and adrenals pale in color and firm in consistency. Systemic 
and portal veins were filled with blood. The thoracic cavity was dry. Lungs 
were pink and collapsed, and the heart was in diastole. 

Cat 3710.—Healthy adult male. Weight, 3.848 Kilos. 


The stoma was placed 21 cm. below the pylorus. The train of symptoms ap- 
peared more slowly. There was very little drainage for the first 24 hours. Symp- 
toms of tetany did not occur util the seventh day, 2 days before death. 

The weight loss was 30 per cent. Hemoconcentration occurred during the first 
24 hours and from then on the rise was more gradual. There was a fall in potas- 
sium followed by a fluctuating rise to over 270 per cent above normal. 

Autopsy.—Similar to above except that there was slight necrosis of inverted 
stump which had been sealed over by omentum. 


Group II, Jejunostomy: 

Cat 3712.—Healthy adult male. Weight, 3.316 Kilos. 

Ether. Jejunum bisected. The distal end was inverted and dropped back into 
the abdomen and the proximal end was brought out and sutured to the skin, The 
fistula did not drain for the first 10 hours but from then on worked well. Fluid 
which was taken promptly poured out of the stoma. Thirst manifest for 3 days 
after which animal would not drink. Signs of tetany developed 24 hours: before 
death. Animal found dead fourth day after operation. 
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INTESTINAL 


Weight loss amounted to 18 per cent. From the time of the operation there 
was a@ progressive rise in the density of the blood. Blood potassium fell during 
the first 24 hours and rose rapidly during the next 3 days to 84 mg. per cent, or a 
294 per cent increase. 


Autopsy.—Marked dehydration of all tissues. Peritoneal cavity was clean. 
The inverted stump was sealed over with omentum. The lungs were free from 
consolidation. The rest of the findings were similar to those in the first eat. 
Stoma found to be 8 em. distal to the pylorus. 

Cav 3717.—Sick adult male. Weight, 3.062 Kilos. 

This cat was healthy on admission but developed an upper respiratory infection. 
During the five days before operation it had lost 17 per cent of its body weight. 
The animal was not discarded, for we wished to see what effect an intestinal 
fistula would have on a sick animal. 


Under ether, the jejunum was ligated and a fistula produced cephalad to the 
obstruction. The fistula drained only moderately. A further 10 per cent loss 
in weight occurred. Hemoconcentration was progressive. There was a fall in the 
blood potassium with a terminal rise cn the last day. Marked apathy and re- 
fusal to take fluids were prominent symptoms. Animal found dead 314 days after 
operation. 

Autopsy.—Lungs showed consolidation, Stoma of fistula 8 em. below pylorus. 
There was a partial obstruction of the jejunum leading to the fistula. The distal 
small intestine was collapsed while the stomach was distended with fluid. Peritoneal 
cavity was clean and dry. There was some infection about the stoma. 


Group III, Duodenostomy : 

Car 3713.—Dirty under-nourished adult male. Weight, 2.125 Kilos. 

This cat was not discarded for we wished to see the effect of loss of intestinal 
contents on the development of the syndrome in such a condition. 


Ether. Duodenum closed by tying with cotton tape, proximal to which the 
intestine was opened and sutured to the skin giving a wide stoma. The drainage 
from the fistula was profuse. Thirst was a prominent symptom until shortly be- 
fore the animal’s death. Symptoms of tetany developed within 48 hours. Charae- 
teristic apathy during the last 24 hours. Survival, 244 days. 

Concentration of blood progressive. Potassium in the blood fell during the 
first 2 days with a terminal rise of over 100 per cent. Weight loss 14 per cent. 

Autopsy.—Characteristie picture of dehydration. Peritoneal cavity clean. Portal 
and splanchnic veins filled. Arteries empty. Lungs free from consolidation. Heart 
in diastole. Remainder of findings similar to first cat. 


Cat 3718.—The complete protocol is given above. When the animal was prac- 
tically moribund a hypodermoclysis of normal saline was given. Prior to its ad- 
ministration the weight loss had amounted to 14.5 per cent; the specific gravity of 
the blood was 1.0665 and the whole blood potassium 69.7 mg. per cent. With the 
giving of this solution, the blood was promptly diluted; potassium fell to 59.2 mg. 
per cent in 3 hours. With subsequent diuresis and blood dilution, the potassium fell 
to 29.2 mg. per cent in 21 hours. Judged by weight loss within the same 24 hours, 
the animal could not retain the fluid administered. From this time onward, the 
specific gravity of the blood increased and the potassium in the blood rose to 46.5 
mg. per cent. Death occurred 7% days after operation. 


Group IV, Gastrostomy: 


Cats 3721, 2724.—In both these cats a complete gastrostomy was done by divid- 
ing the stomach at the pylorus and suturing the stoma to the abdominal wall. In 
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each, weight loss amounted to 20 per cent. Symptoms of tetany appeared by the 
third day. Hemoconcentration was progressive. A fall in potassium was followed 
by a rise to 100 per cent. 

In Cat 3721, the potassium content of the gastric juice was 200 mg. per cent, 
and on the following day 400 mg. per cent. 


Autopsies.—Similar picture of dehydratien as in the other cats. 


DISCUSSION 


Review of previous experiments dealing with the loss of gastric and 


pancreatic secretions with bile and succus entericus suggests why the 


seriousness of an intestinal fistula depends on its location. 

Pawlow*® observed that dogs with pancreatic fistulas would remain 
apparently well for several weeks. Suddenly, however, acute symp- 
toms of anorexia, weakness, and convulsive movements would appear 
followed by the death of the animal in two or three days. If the 
animals were completely deprived of meat and were fed a bread and 
milk diet supplemented by a definite amount of sodium bicarbonate 
daily, these animals would live for months and even years. He con- 
cluded that with the escape of pancreatic juice, the animal lost some- 
thing which was essential to the normal life process. In what way 
the sodium bicarbonate acted was not clear to him, but he reasoned 
that this salt makes good an injurious deficit of the alkali in the blood. 
Confirmation of this hypothesis is found in the works of Elman and 
MecCaughan,'* Walters and Bollman,!® Dragstedt,’’ and Gamble and 
Melver.'* The latter demonstrated that, owing to the greater loss of 
sodium than of the chloride ion in the secretions escaping from a 
pancreatic fistula, a reduction of the bicarbonate concentration tends 
to oceur.*® 

Continued loss of secretion through a gastric fistula, on the other 
hand, results in the depletion of blood chloride with an associated 
rise of the COyg combining power and the nonprotein nitrogen of the 


blood. 


Walters and Bollman!! stated that the symptoms which are similar 
to those observed in pyloric obstruction are due chiefly to the loss of 
the unneutralized acid. In the secretions from the stomach, Gamble 
and Melver*® showed that the chloride loss may be accompanied by 
more than half its equivalent in fixed base. Further, these authors 
found that more than twice the plasma content of fixed base was lost 
into the stomach during the survival period of rabbits with pyloric 
obstruction and that this loss was accompanied by a fall in the total 
base of the blood.’® Walters and Bollman!® found that in the experi- 
mental animal the loss of bile or the loss of secretion from an isolated 
duodenal loop was not fatal, but Cavazza,*! in eight dogs with perma- 
nent biliary fistulas, reported a decrease in the blood calcium and an 
increase in blood potassium associated with a loss of bile. The termi- 
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nal picture was that of emaciation, weakness, and anorexia, and the 
animals were killed or found dead from one to four months after the 


operation. 


If the vomitus, contents above an obstruction, or the fluid from a 
fistula be made available by introduction below the obstruction, all 
evidence of toxemia disappears.*7*" Jenkins*® was able to keep alive 
a dog with high intestinal obstruction eighty days by supplying saline, 
dextrose, and in addition, intestinal contents obtained from another 
animal with a fistula. 


Apart from the loss of electrolytes, Rowntree’ has estimated that 
the fluid of digestive secretions poured into the duodenum in the adult 
human during twenty-four hours is between five and seven liters, or 
two to three times the volume of blood plasma. 


Associated then with the complete intestinal fistula, there is tre- 
mendous loss of fluids, fixed base, and fixed acid with acidosis result- 
ing if the loss of fixed base is in excess of fixed acid, 


Our interest in potassium was due to the fact that similar blood 
chemical and clinical changes are seen in experimental adrenal in- 
sufficiency.**** To Zwemer and Sullivan® the increase in serum 
potassium and the loss of sodium chloride are of special significance. 
Further investigations have demonstrated that the adrenal cortex is 
essential for maintaining normal metabolism of potassium.®*®s 


As cellular water is twenty times as rich in potassium as plasma, 
the hyperpotassemia associated with these experiments may be due to 
the influx of cellular water, with the failure of the normal regulation 


of potassium level. 


In conclusion, Norton’s hypothesis that in acute intestinal obstruc- 
tion and in high intestinal fistula there must be a toxin present in 
both or absent in either, is answered by finding a hyperpotassemia of 
the same magnitude resulting from an intestinal fistula as in acute 


intestinal obstruction. 


CONCLUSIONS 


In eight cats with fistulas placed at four different levels of the gas- 
trointestinal tract (stomach, duodenum, jejunum, and ileum), there 
occurred a rise in blood potassium which reached the same toxic levels 
previously reported in acute intestinal obstruction, experimental ad- 
renal insufficiency, and experimental potassium poisoning. 


It should be noted that this paper does not concern itself with the beneficial 
results occasionally obtained by the temporary relief of distention through an en- 
terostomy in cases of ileus, 
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THE TECHNIQUE OF APPENDECTOMY 


Wirh ParticuLAR REFERENCE TO THE TREATMENT OF THE APPENDICAL 
STUMP 


ALTON OCHSNER, M.D., New ORLEANS, La., AND GEORGE LILLy, M.D., 
Miami, Fa. 


(From the Departments of Surgery, Tulane University School of Medicine, Charity 
Hospital, and Touro Infirmary) 


INCE the performance of the first appendectomy in 1884 by Kron- 

lein,’ this operation probably has been performed more frequently 
than all other major surgical procedures combined. In view of this 
fact, it is indeed surprising that surgeons at the present time are no 
nearer an agreement as regards the most desirable type of technique 
to be employed than were the surgical pioneers of the 1890’s. Ideally 
in appendicitis the appendix should be removed before the appendical 
infection has extended beyond the confines of the appendix and in 
such a way as to prevent contamination of the peritoneal cavity and 
abdominal wall, either during or after the operation, and in such a way 
that no hemorrhage can occur from the appendical stump. 


The first surgical therapy of appendicular disease consisted of the 
treatment of a complication; i.e., simple drainage of appendical ab- 
seesses. When an appendectomy was performed concomitantly with 
this procedure, the usual technique was to excise the appendix and 
close the orifice of the stump with a simple ligature, as was done in 
the case operated upon by Kroénlein.t. In 1888, Treves? discussed the 
rationale of the technique to be used in dealing with the unruptured 
appendix. He did not consider simple ligation of the appendical 
stump as a safe procedure and suggested that after ligation the stump 
be covered by several Lembert sutures. Senn,* in 1889, was the first 
American surgeon to advocate inversion of the appendical stump. He 
called attention to the danger of the ligature cutting through the stump 
or becoming loosened, and pointed out that if this did occur, it was de- 
sirable to have drainage into the cecum and avoid abdominal contam- 
ination by inverting the ligated stump with Lembert sutures. In 1895, 
Dawbarn‘ called attention to the fact that when the ligated stump 
was inverted into the ceeal wall there was considerable danger of an 
abscess developing between the ligature and the inverting suture and 
that such an abscess might rupture into the peritoneal cavity. In 
order to overcome this possibility, he devised a technique which con- 
sisted of inverting the unligated stump into the cecum after a purse- 


Received for publication, April 10, 1957. 


= 
‘ 
532 


OCHSNER AND LILLY: TECHNIQUE OF APPENDECTOMY 533 


string suture had been introduced around the base of the appendix. 
The rationale of his technique may be expressed most adequately in 
his own words: ‘‘It will be well to note that drainage is perfect and 
unopposed into the cecum where it ought to go.”’ 

Thus, as early as 1895, three basic methods of handling the ap- 
pendical stump were used. Since this time each of the three methods 
has been championed by many eminent surgeons, and it is the purpose 
in this presentation to attempt to evaluate each method: (1) simple 
ligation of the stump (Fig. la); (2) ligation and inversion of the stump 
(Fig. le); and (3) inversion without ligation of the stump (Fig. 1b). 
The advantages and disadvantages of the three techniques should be 
considered from the standpoints of (1) teehnique and (2) anatomic 
and physiologic principles. 


> 


Sy 


Wn? 


Fig. 1.—Various methods employed in handling the appendical stump. a, Simple 
ligation of the stump which is left free in the peritoneal cavity; b, inversion without 
ligation of the stump. Purse-string suture is placed in such a way as to encircle 
the intramural branch of the appendical artery, ‘The stump which has been crushed 
by three clamps is divided between the upper and middle clamps, leaving two clamps 
on the stump, thus permitting grasping of the appendical stump by means of the 
inverting forceps before the proximal clamp has to be removed. The unligated stump 
is inverted into the cecum. c, The ligation and inversion technique following intro- 
duction of the purse-string suture in which the appendical stump is ligated and 
inverted into a closed cavity in the cecal wall. 


SIMPLE LIGATION TECHNIQUE 


The simple ligation technique of appendectomy as usually performed 
at the present time consists of applying two crushing clamps to the 
base of the appendix ,following which the proximal one is removed and 
a strong ligature, usually of catgut, is tied in the groove produced by 
the clamp. The appendix is then divided between the ligature and 
the remaining clamp, either by a scalpel or a thermocautery. That 
portion of the appendical stump which remains distal to the ligature 


\\ 

a 

WS 

Ys 

4 f* SF Ga \\ 


534 SURGERY 


is then presumably sterilized either with phenol or the tip of the 
cautery (Fig. la). When possible the ligated mesoappendix is su- 
tured over the ligated stump before the cecum is returned to the 
peritoneal cavity. This technique has been advocated by many sur- 
geons.°-*4 


It is generally agreed that in cases in which the cecal wall is in- 
flamed and indurated the introduction of a purse-string suture often is 
inadvisable, due to the inability to invert the appendical stump be- 
cause of the thickened and indurated cecum. In such cases, simple 
ligation of the base of the appendix is the only possible method. Gurd?! 
objected to the use of a purse-string suture on the basis that ‘‘inas- 
much as the cecal wall itself is usually edematous and consequently 
friable, it is, as a rule, inadvisable to attempt to bury the stump of 
the appendix.’’ Without doubt the simple ligation method can be 
completed with less manipulation and greater rapidity than either of 
the other two types. On the other hand, with the modern advance- 
ments in anesthesia, the rapidity with which a surgical procedure can 
be completed has become a matter of secondary consideration, and the 
physiologic and anatomie principles involved have become much more 
important. In addition to the ease and rapidity of the operation, 
simple ligation of the appendical stump has the advantage that hemos- 
tasis is secured by the ligature. 

The disadvantages of simple ligation of the appendical stump are: 
(1) Inadequate closure of the bowel is likely to be secured because 
serosa is not brought in apposition with serosa. (2) The ligated stump 
which many times is infected lies free in the peritoneal cavity and can 
be a source of contamination. (3) Adhesions are likely to occur around 
the ligated stump. Seelig,? in 1904, was the first to champion the 
simple ligation method on a rational basis. He described the three 
popular methods, but objected to both of the inversion methods. He 
contended that ligation and inversion method is dangerous, because 
cecal wall abscesses frequently develop between the ligature and the 
purse-string suture, and that there is great danger of such an abscess 
rupturing into the peritoneal cavity. In discussing the inversion with- 
out ligation method, Seelig® suggested two theoretical disadvantages: 
first, the danger of leakage from the stump of the appendix before 
it could be inverted; and second, the danger of postoperative hemor- 
rhage into the cecal lumen from the end of the unligated stump. He 
described an anatomic variation in the blood supply to the appendix 
in which all or a part of its blood supply is derived from an intra- 
mural branch of the appendicular artery, which at times is entirely 
concealed in the wall of the appendix while coursing along the attach- 
ment of the mesoappendix. He considered that the frequent intra- 
mural location of such a vessel was one of primary importance in deal- 
ing with the appendical stump, and stated that, except for one article 
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by Fowler,” this anomaly had received little or no clinical recog- 
nition. He found in 1,000 autopsy investigations that there were many 
appendices with longitudinal arteries; whereas, Murphy** contended 
that the appendix had no vessels paralleling its long axis. Monks and 
Blake** reported that 6.5 per cent of appendices had no mesentery and 
consequently received all of their blood supply through longitudinal 
vessels. Fowler?? reported one and Seelig® reported two nonfatal 
cases of postoperative hemorrhage following nonligation of the ap- 
pendical stump. In defense of the simple ligation method, Seelig® at- 
tempted to disprove the claim that the method was unsafe because it 
approximated mucosa to mucosa, and therefore might not effect a 
satisfactory permanent closure of the lumen. He made serial sections 
parallel to the long axis of the appendix through the site of ligation 
and reported that invariably the mucosa had been crowded back for at 
least one-eighth of an inch from the point of ligation. He contended 
that the pressure of the tightened ligature disrupted the continuity of 
the friable mucosa and brought the submucosa and muscularis layers 
into direct apposition, thereby insuring a firm fibrous union of the de- 
feet. He, however, ignored the fact that it is the apposition of serosa 
to serosa that makes intestinal surgery relatively safe, and in his own 
diagrams, he shows the serosal layers of the stump widely separated 
by the interposed muscular layers. The characteristic reaction of 
the serosa to all trauma results in a sealing off of the suture line when 
there is serosal apposition, and were it not for the presence of the 
serosa on the abdominal portions of the digestive tract, operation on 
these viscera would be fraught with danger. Operations on the tho- 
racic portion of the digestive system are likely to be unsuccessful 
and associated with high mortality because of the absence of a serosal 
covering. Seelig’? contended, on the basis of experimental observa- 
tions, that the simple ligation of the appendical stump did not re- 
sult in an infected stump being left free in the peritoneal cavity, 
as had been stated by Edebohls?® and others, because he was unable 
to obtain any microorganisms from extirpated portions of cauterized 
stumps. In answer to the claim that there is a greater danger of 
adhesions being formed around an uninvaginated stump, he described 
autopsy findings in two patients who previously had had simple liga- 
tion types of appendectomy in which it was found that the area on 
the cecum from which the appendix had been removed was smooth, 
glistening, and with no evidence of adhesions. He seemed to at- 
tach an unjustified importance to the findings in these two isolated 
cases. No attempt was made to compile a reasonably large series of 
such cases. He further contended that even if adhesions did form 
around the ligated stump they would be temporary and become freed 
when that portion of the stump distal to the ligature sloughed off. 
Lilienthal® reported the postmortem findings in three patients who died 
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of peritonitis in from three to six days after simple ligation appendee- 
tomy. Adhesions were found in almost every part of the abdominal 
cavity except at the appendical stump which was perfectly clean. One 
wonders whether the fatal peritonitis would have developed had ad- 
hesions been present at the site of the ligated stump. Horsley* ad- 
vocates the simple ligation method because he found in patients reop- 
erated upon after appendectomy ‘‘no serious adhesions or other com- 
plications’? where the ‘‘drop method’’ had been used ; whereas, in the 
‘‘majority’’ of cases in which the inversion method had been used, he 
found ‘‘either unusual adhesions or a lump in the bowel, or a diverticu- 
lum.”’ 


Abscess 
\ 
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Fig. 2.—Diagrammatic drawing illustrating what probably happened in Case 1, 
As shown in @, an abscess developed around the ligated stump, which resulted in 
weakening of the ligated stump and infiltration of the cecal wall. Following adminis- 
tration of the enema the ligated stump blew out, permitting escape of fecal contents 
from the lumen of the cecum into the peritoneum, b, resulting in a fatal peritonitis. 


Because it is generally agreed that in other abdominal operations 
it is important to carefully peritonealize all raw surfaces, it is difficult 
to understand why such a procedure would not be desirable in the 
treatment of the appendical stump. The necessity of careful serosal ap- 
position in intestinal surgery is illustrated by a fatal case following 
simple ligation of the appendical stump in performing an appendec- 
tomy: 

Case 1.—G. B., colored female, aged eighteen years, admitted to the Charity 
Hospital in New Orleans, October 31, 1934. November 7, uterine dilatation and 
curettage was followed by uterine suspension and appendectomy, the latter being 
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performed by crushing and ligating the stump of the appendix with two No. 2 
chromic catgut sutures. The stump was not inverted. November 9, the tem- 
perature was 100.4°, and the patient complained of pain in the lower abdomen. 
November 12, temperature rose to 103°. November 14, patient was given a soap- 
suds enema, which caused severe abdominal pain. The fluid was not evacuated. 
Following this the abdomen became distended and tympanitic. November 20, 
the patient died. Autopsy showed the appendical stump wide open and leaking 
cecal contents, producing acute diffuse serofibrinous peritonitis (Fig. 2). 


Comment.—Because of the temperature elevation which began two 
days postoperatively and increased until the fifth postoperative day, 
probably an abscess developed around the area of the ligated stump. 
Either because of involvement of the adjoining cecum by the inflam- 
matory process with resulting necrosis or because of sloughing of the 
appendical ligature, the stump of the appendix was so weakened that 
the increased intracolonic pressure produced by the enema caused 
perforation of the cecum. The overwhelming involvement of the 
peritoneum by the free discharge of the cecal contents into the cavity 
resulted in the patient’s death. 

Morris,”® as early as 1893, and Fowler, in 1894, condemned the sim- 
ple ligation method of appendectomy because of the danger of leak- 
age from the stump. Edebohls,?° in 1895, contended that the simple 
ligation and the ligation and inversion methods were ‘‘far from being 
surgically ideal and perfect.’’ He reported a case in which a fatal 
peritonitis occurred as the result of the postoperative slipping of the 
ligature around the base of the appendix. He stated that the disad- 
vantages of the noninversion method are: first, the danger of infee- 
tion either from the contaminated stump of the appendix or from a 
leaking ligature; and second, the danger of adhesions being formed 
between the raw surface of the stump and other abdominal viscera. 
In regard to noninversion of the appendical stump, he stated that in 
no other operation with which he was familiar is such a condition in- 
tentionally brought about. Eliot,?’ in 1904, reported a case of in- 
testinal obstruction due to postoperative adhesions in a case where the 
simple ligation method had been used. Willis?* in a study based upon 
questionnaires received from 105 surgeons in the United States con- 
cerning the disposition of the stump of the appendix during appendec- 
tomy found that 73.3 per cent of the surgeons always bury the stump; 
10.5 per cent usually bury the stump; whereas, only 10.5 per cent 
practically never bury the stump. Twenty-three of the 105 answering 
the questionnaire stated that they had observed complications follow- 
ing simple ligation of the appendical stump. Ten of these 23 stated 
that fecal fistulas occurred frequently following simple ligation tech- 
nique (Bevan, Blake, Bryant, Johnson, Monks, Owen, Watson, Senn, 
Weir, and Willard). In addition to the fecal fistula, two (Estes and 
Vanderveer) stated that persistent sinuses occurred following the 
technique. Six of the authors stated that adhesions had formed to the 
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ligated stump (Estes, several cases; Gwathmey, 1 case; Kelly, ad- 
hesions common; McLaren, 2 cases with ileus; Oliver, 3 cases of in- 
testinal obstruction due to adhesions adherent to stump; Taylor, 1 
case). Six had had cases in which there was sloughing of the ligature 
and peritonitis, 5 of which were fatal (Blake, Gerster, Harris, Matas, 
Monroe, Rixford). In the same questionnaire, only 2 of the 105 sur- 
geons stated that they had ever observed harmful effects of any charac- 
ter after burying the stump. One was a case of Gerster’s in which 
supposedly a suture gave way during the first defecation after calomel 
and a large exudate developed with symptoms of perforation. The 
exudate was absorbed and the patient recovered. Two were Mum- 
ford’s cases in which secondary abscesses developed. Willis** re- 
ported a fatal case in which the ligature blew off, resulting in a fatal 
peritonitis. Another patient with intestinal obstruction due to ad- 
hesions to the uninverted stump recovered. Todd*® reported an in- 
teresting complication following simple ligation of the appendical 
stump. Six months after the appendectomy the patient returned be- 
cause of a recurrence of the original complaint. Reoperation revealed 
in the stump of the appendix a fecalith the size of an olive pit, which 
had not been present at the time of the appendectomy. Hilarowicz*° 
reported a fatality which occurred five days after simple ligation of the 
appendical stump. At autopsy the ligature was found dislodged and 
the stump wide open. Torek*' reported two fatal cases of intestinal 
obstruction caused by the uninverted stump becoming adherent to a 
loop of bowel. A relatively large number of cases with obstruction 
produced by adhesions between the uninverted stump and other vis- 
cera were collected by Willis.2* Because of the great danger and the 
high incidence of complications, in our opinion, it is just as illogical 
not to invert the appendical stump as it would be to leave uninverted 
the blind ends of the intestine following resection and in which a 
side-to-side anastomosis is made. No surgeon would ever advocate 
and much less practice noninversion of such a blind stump. Numerous 
techniques have been devised to secure inversion of the mucosa and 
close apposition of the serosal surfaces in order that adequate closure 
of the suture line is secured by the fibrinous reaction of the peritoneum. 
As mentioned above, the safety of gastrointestinal surgery is de- 
pendent upon the presence of the peritoneum and its characteristic 
reaction, which should be utilized to the fullest extent by carefully 
opposing serosa to serosa. 

Ligation and Inversion Technique (Fig. 1c).—In order to obviate the 
dangers of simple ligation of the appendical stump, Treves? first sug- 
gested inversion of the ligated stump into the ceeal wall. In this way 
a raw, contaminated stump is not left free in the peritoneal cavity to 
which other viscera can become adherent and from which peritoneal 
contamination can occur. That this method has advantages is at- 
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tested by the fact that it is probably the one most generally used today. 
Theoretically, there is much to be said in favor of this method, because 
it secures apposition of serosa to serosa, which favors adequate healing 
of the cecal wound, and also because it peritonealizes raw surfaces. 
Although the method conforms to the above surgical principles, it does 
violate one which is equally as important; i.e., an infected stump should 
not be buried in a closed cavity. The ligation and inversion method of 
appendectomy, as the name implies, consists of ligation of the base 
of the appendix and inversion of the ligated stump. Following the 
completion of the steps described above for the simple ligation tech- 
nique, a purse-string suture is introduced in the cecum at the base of 
the appendix and the ligated stump is inverted into the cecal wall and 
held in place by the tightened purse-string suture (Fig. lc). There 
have been many ardent proponents of this procedure.* 2° 2% 2% 3° 32, 36 

Many have objected to the use of an inversion method because it 
necessitates the introduction of a purse-string suture. Roeder’ ecul- 
tured the remnants of purse-string sutures following their introduc- 
tion and found that 88 per cent of them were contaminated. He be- 
lieved that contamination occurred in almost all cases and that this 
contamination caused postappendectomy adhesions in many instances. 
Colp™ contended that there was danger of interfering with the blood 
supply to the cecal wall while installing purse-string sutures. He 
stated that frequently the needle of the suture penetrated a blood 
vessel in the cecal wall, resulting in a subserous hematoma which might 
deprive a portion of the cecal wall of its blood supply, and at the same 
time offer a fertile field for the growth of microorganisms with sub- 
sequent abscess formation.. Baldwin’ objected to the use of a purse- 
string suture on the basis that it might interfere with the blood supply 
of the cecal wall and cause a feeal fistula. Babcock'* objected to the 
use of a purse-string suture, because he felt that ‘‘a purse-string oe- 
cluding or enfolding suture in the cecum after removal of an infected 
appendix is unnecessary and harmful, favoring large sloughs of the 
head of the ceeum.’’ Whereas these complications are theoretically 
possible, they probably always can be prevented if care is used in in- 
troducing the purse-string suture. The danger of the purse-string 
suture penetrating the mucosa and that of adhesions resulting from 
such contamination and the danger of injuring the mural vessels are 
no greater than that which would occur in closing the ends of the 
bowel blindly in side-to-side intestinal anastomosis. No surgeon 
worthy of the name would consider leaving uninverted such a loop of 


bowel. 

Although, as mentioned previously, ligation and inversion of the ap- 
pendical stump secures serosal apposition, there is considerable 
danger of an infection occurring at the side of the inverted, infected 
stump as it lies in a closed cavity in the cecal wall. Hortolomei’® re- 
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ported a case in which a cecal wall abscess developed on the third day 
after a ligation and inversion operation. Reoperation showed that 
this had developed between the ligature and the purse-string suture 
and had subsequently ruptured into the abdominal cavity. Harris’* 
reports a similar fatality in which a large cecal wall abscess ruptured 
into the peritoneal cavity. Mayo’ states that at autopsy in the cases 
in which appendectomy was performed according to the ligation and 
inversion technique invariably even as late as twenty-one days post- 
operatively a pus pocket is found around the inverted appendical 
stump. 

Willis in his study obtained reports of 3 cases (Gerster, 1; and 
Mumford, 2) in which secondary abscess occurred at the site of the 
inverted ligated stump. Similar cases have been reported by Herman*’ 
and Deaver,** several having been seen by the latter observer. 


Inverted and ligated shamp 
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Fig. 3.—Diagrammatic drawing showing probable occurrence in Case 2. As shown 
in insert a, an abscess developed around the inverted and ligated stump which caused 
the patient’s elevation of temperature and tumefaction in the right iliac fossa. 
Fortunately, as shown in b, the abscess ruptured into the cecal lumen, the pus being 
evacuated from the rectum, resulting in complete recovery. 


The danger of inversion of the ligated appendical stump is shown 
by the following cases: 


Case 2.—S. M., female, aged forty years, admitted to the Charity Hospital 
May 16, 1936, with a diagnosis of recurrent appendicitis. May 12: An appendec- 
tomy was performed, in which the base of the appendix was crushed and ligated 
with No. 00 plain catgut and the ligated stump inverted after the introduction of a 
purse-string suture around the appendical base. May 16: Patient had tem- 
perature of 103° and there was marked tenderness and tumefaction in the right 
lower abdominal quadrant. A diagnosis of localized peritonitis was first made. 
May 20: The patient evacuated several large stools containing pus, following 
which there was a diarrhea which persisted for several days. Concomitant with 
the diarrhea the abdominal tenderness and rigidity subsided and the temperature 
returned to normal. 
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Comment.—Undoubtedly the fever, tumefaction, and tenderness in the 
right lower abdominal quadrant were the result of a cecal wall ab- 
seess at the site of the inverted, infected and ligated appendical stump. 
Fortunately, however, the abscess ruptured spontaneously into the 
cecal lumen and not into the peritoneal cavity, resulting in a spon- 
taneous cure (Fig. 3). Although many cecal wall abscesses will sub- 
side spontaneously, as in this case, and are therefore of little sig- 
nificance, all are potentially dangerous and there are cases in which 
the outcome is not as favorable because of extension outside the 
cecum, as illustrated by the following case. 


Case 3.—C. O., male, aged thirty-six years, admitted to the Touro Infirmary, 
New Orleans, on October 22, 1936, complaining of abdominal pain and tenderness 
in the right lower quadrant. 

October 23: An appendectomy was performed, using the ligation and inversion 
technique. The stump of the appendix was crushed and ligated with catgut, fol- 
lowing which the appendix was divided between the crushing clamp on the ap- 
pendix and the ligature. The stump was then inverted into the cecal wall and a 
purse-string suture which had previously been inserted around the base of the ap- 
pendix was tightened. This was accomplished without any contamination. 

October 26: Fever 102°, Patient developed a diarrhea, with 8 to 10 stools 
a day. 

November 7: Patient discharged from hospital, although rectal temperature 
was 101.22. Following discharge from the hospital, pyrexia continued with eleva- 
tions as high as 103°. Diarrhea consisting of from 4 to 6 stools a day. He com- 
plained of sharp pain along the costal margin on the right, which was aggravated 
by deep inspiration. 

November 14: Readmitted to the hospital. On physical examination there 
was tenderness over McBurney’s point, dullness over the lower two-thirds of the 
right chest, and tenderness on pressure on both sides of the lower ribs anteriorly 
and posteriorly. Abdomen was markedly distended and the muscles in the right 
upper quadrant were rigid. W.B.C., 11,000; neutrophiles, 84 per cent. 

November 16: Roentgenogram showed right side of the diaphragm elevated. 
Air and fluid levels present below diaphragm in the anterior superior subphrenic 
space. Abscesses in the right anterior superior and right inferior spaces drained 
through costal margin incision. Following this in spite of free discharge of pus 
the patient’s temperature and pulse rate remained elevated. 

November 28: Roentgenogram showed right pleura thickened and pneumonitis 
with a fluid level seen at the level of the eighth and ninth ribs. The wound was 
explored under ether anesthesia, and adhesions found between the liver and the 
diaphragm, encircling a large pocket of pus. Two large, hard rubber drainage 
tubes inserted, following which there was diffuse drainage of pus and a decrease 
in the temperature. 

December. 9: Roentgenogram following lipiodol injection into the subphrenic 
cavity showed accumulation anterior to the liver immediately beneath the 
diaphragm. The patient’s condition improved considerably following this. 


December 31: Temperature became elevated. 
January 2: Resection of the right twelfth rib. No pus found, but tube in- 
serted in the right posterior superior space. Following this patient’s temperature 
became elevated and patient complained of hiccoughs. 
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January 14: Very marked dyspnea. 

January 15: Patient cyanotic and dyspnea more marked. 

January 15: Patient died. 

Autopsy showed an abscess cavity 4 cm. in diameter in the retrocecal region 
communicating with a large open appendical stump and another sinus 1 em. 
proximal to it (Fig. 4). The abscess extended upward, communicating with the 
right anterior superior subphrenic space. There was a large amount of pus in the 
lgsser peritoneal sac, as well as in the fold of the falciform ligament. The right 
lung was collapsed and indurated. The right diaphragmatic leaf was eroded. 
There was an empyema on the right side (Figs. 5, 6, and 7). 


Comment.—Undeubtedly an abscess developed at the site of the in- 
verted ligated stump which ruptured posteriorly ana extended upward 


Fig. 4.—Autopsy findings in Case 3, showing two perforations at the site of the 
previously inverted appendical stump. One perforation is the appendical stump, the 
other an area of necrosis slightly above the stump. Through these openings there 
was a communication from the cecum to the subphrenic space. 


along the colonic gutter to the subphrenic space. Because of the ex- 
tensive inflammatory involvement of the ascending colon, a diarrhea 
resulted. Also because of the extensive involvement of the cecal wall, 
the abscess finally extended into the lumen of the cecum, thus estab- 
lishing a communication between the cecal cavity and the subphrenie 
spaces. The drainage of the subphrenic abscesses, although of tempo- 
rary benefit, was insufficient to cure the patient because of the direct 
communication between the cecal lumen and the subphrenic spaces 
which resulted in recontamination of these areas. It is the opinion of 
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Inverted and slump 


Fig. 5.—Diagrammatic drawing of probable occurrence in Case 3. As shown in 
a, an abscess probably developed around the inverted, ligated stump. As shown in 
b, this perforated to the outside, resulting in a pericecal abscess, which extended up 


lateral to the colon as shown in ec. 
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Fig. 6.—(Case 3.) Diagrammatic drawing showing extension of infection from 
cecal fistula up along the lateral aspect of the colon to the subphrenic area and by 
perforation through the diaphragm into the pleural cavity. 
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the authors that this fatality could have been prevented had the ap- 
pendical stump not been inverted into a closed cavity which permitted 


the development of a cecal wall abscess. 
Although as found at the Mayo Clinic,’® an abscess usually occurs 
at the site of an inverted ligated appendical stump, and although all 
are potentially dangerous because of the possibility of rupture into the 
peritoneal cavity, relatively few cause serious manifestations because 


they either resolve spontaneously or rupture into the cecal lumen. 
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Fig. 7.—(Case 3.) Sagittal secticn showing diagrammatically extension of cecal in- 
fection to the perinephritic area, subphrenic spaces, and pleural cavity following 
rupture of the subphrenic abscess through the diaphragm. 


In order to determine the changes which occur in the cecum following 
ligation and inversion and following inversion without ligation of the 
appendical stump, Burkle-de la Camp*® performed appendectomies in 
monkeys and examined the cecum at varying times postoperatively. 
In the former group of experiments, i.e., ligation and inversion of the 
appendical stump, there was always marked exudation in the area 
between the ligature and the inverting suture. This contained a great 
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deal of fibrin and a large number of leucocytes. The entire wall sur- 
rounding this area was edematous and showed cellular infiltration ; i.e., 
the histologic picture of an abscess. In observations made as late as the 
third day, there was no evidence of rupture of the abscess into the lumen 
of the bowel. In those animals in which the appendical stump was in- 
verted without ligation, in no instance was there any necrosis, any ex- 
udation under the serosal sutures, or any inflammatory infiltration of 
the surrounding area. 

Kohler*® has emphasized the greater danger of adhesions developing 
at the site of inversion in instances in which the appendical stump 
has, also been ligated. Even though an abscess does not develop at 
the site of the ligated inverted stump, an inflammatory process in- 
variably results which causes considerable reaction of the overlying 
peritoneum and predisposes to the development of adhesions to ad- 
jacent viscera. He states that his chief, Lexer, has observed many 
cases of intestinal obstruction caused by peritoneal bands extending 
from the site of the ligated, inverted appendical stump to other viscera, 
even following incidental appendectomy performed during gynecologic 
operations. He reports in detail one such case which terminated fatally 
following incidental appendectomy performed by ligation and inver- 
sion of the stump, and emphasizes that the incidence of adhesions is 
undoubtedly higher in cases with acute appendicitis than in the group 
referred to above in which the normal appendix was removed during 
a gynecologic operation. 

In addition to the intraperitoneal rupture of cecal wall abscess and 
the development of adhesions at the site of inversion which may subse- 
quently result in intestinal obstruction, other complications can occur 
at the site of the ligated and inverted stump. Maloney® reported 3 
eases in which foreign body tumors occurred at the site of the ap- 
pendical stump and Bunts*' reported 3 cases in which ceeal diverticuli 
developed at the site of the purse-string suture. 

In 1898, Deaver,** because he had observed cases in which abscesses 
developed in the wall of the cecum as the result of ligating and in- 
verting a diseased appendical stump, advocated the following pro- 
eedure: The cecum is grasped at the base of the appendix between 
the thumb and forefinger and the entire appendix is excised with a pair 
of curved scissors. The defect in the cecum is closed ‘‘ just as a wound 
in any other portion of the intestinal canal.’’ Zeller*® and Haggard** 
also advocated this type of procedure, but the method was never pop- 
ularized because of the greater danger of contamination. 

In order to overcome the danger of infection following ligation 
and inversion, Edebohls*® devised a method whereby he inverted the 
entire appendix into the cecum. He first freed the appendix of its 
mesenteric attachments, and then inverted the entire organ into the 
cecum by turning it inside out. Lembert sutures were inserted over the 
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inverted base. When asked what might be the subsequent fate of the 
appendix, Edebohls expressed an indifference which certainly was not 
in keeping with his critical attitude toward the other types of ap- 
pendectomy procedure. 

Dawbarn,* objecting to both the simple ligation and ligation and 
inversion methods, described a third method which he felt was much 
more desirable. His method consisted of a simple crushing and invert- 
ing of the stump without ligation. The value of his method was im- 
mediately recognized and it was adopted by many surgeons of that 
time. 

THE INVERSION WITHOUT LIGATION TECHNIQUE 


The inversion without ligation method as employed at the present 
time consists of inserting a purse-string suture in the cecal wall around 
the base of the appendix. The appendix is removed between the two 
distal clamps. The middle clamp is then removed and the crushed 
end of the stump, thus exposed, is grasped with smooth-tipped tissue 
forceps. The final clamp is then released, and the stump is inverted 
through the purse-string suture into the lumen of the cecum. The 
purse-string suture is then drawn tight as the tissue forceps are 
withdrawn (Fig. 1b). Since this method was first advocated by 
Dawbarn,* in 1891, the inversion without ligation technique has been 
championed by many.?” 40-94 

The technique of appendectomy which we have employed for many 
years without any complication and which we recommend consists 
of the following steps: Before proceeding to the removal of the ap- 
pendix, moist cloths are inserted around the wound down to and into 
the peritoneal cavity, completely walling off the abdominal wall from 
the appendix. In this way contamination of the abdominal wall, 
which has little resistance to infection, is prevented. Traction is ap- 
plied to the tip of the appendix by grasping the mesoappendix with 
a hemostat and lifting it upward. This affords an adequate exposure 
of the mesoappendix, which is clamped, divided, and ligated with 
fine silk ligatures (Fig. 8a and b). A purse-string suture of No. 1 
silk on an atraumatic needle is then introduced in such a way as 
to include an intramural branch of the appendicular artery (Fig. 8c). 
This is accomplished. by beginning the purse-string suture on one 
side of the mesoappendix so that it passes down to and includes 
the submucosa and emerges from the opposite side of the mesoap- 
pendix. The suture is reinserted in the same manner, forming a loop 
around the mesenteric portion of the cecal wall and encircling any 
intramural branch of the appendicular artery (Fig. 9b). This loop 
suture is tightened to occlude any arterial branch which may be pres- 
ent, and the purse-string suture is continued around the cecum in the 
conventional manner (Fig. 9b). After the introduction of the purse- 
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Fig. 8.—Method of division and ligation of the mesoappendix, as performed by 
the authors. As shown in a, the mesoappendix is not clamped or ligated en masse, 
but is caught with small forceps and each area divided and ligated individually. 
Following division and ligation of the mesoappendix a purse-string suture is placed 
around the base of the appendix as in c. 


‘cecal 
arteries 


Fig. 9.—a, Blood supply of the appendix derived from the anterior and posterior 
cecal arteries; b, method of introducing a purse-string suture in such a way as to 
include a possible intramural branch of the appendicular artery, @w. As illustrated in 
the drawing, the purse-string suture is begun at the antimesenteric attachment, passes 
through the submucosa at the base of the appendix, and emerges on the opposite 
side of the mesoappendix. It is carried over to the beginning side and reinserted 
so that a loop, as shown by the arrow, is made around any intramural branch of 
the appendicular artery. The purse-string suture is then carried around in a con- 
ventional manner back to the mesoappendix. In this way the possibility of hemor- 
rhage from an intramural branch of the appendicular artery is prevented. 
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string suture, three Ochsner clamps are applied to the base of the 
appendix, and the area is walled off with moist gauze packs to avoid 
any possibility of contamination or injury to the surrounding struc- 
tures. The appendix is divided by means of the thermocautery between 
the upper and middle clamps (Fig. 10a). By means of a sponge, the 
cauterized portion is wiped away from the middle forceps. The mid- 
dle clamp is then removed and the crushed tip of the stump thus ex- 
posed is grasped with a pair of plain tissue forceps before removing the 
third crushing clamp. Traction is then made on the fixed end of the 


a 


Fig. 10.—Technique of appendectomy. a, After introduction of the purse-string 
suture in such a way as to include any intramural branch of the appendicular artery, 
three crushing clamps are applied to the base of the appendix, and the appendix 
is divided between the upper (3) and middle (2) clamps; b, the upper (2) clamp 
on the mesoappendix is removed, permitting the operator to grasp the crushed end 
of the appendix before the lower (1) clamp is removed. In this way the danger 
of spillage during inversion is obviated; c, inversion of the unligated stump into the 
cecum, following which the purse-string suture is tightened; d, further inversion of 
the inverted stump is accomplished by the introduction of several Lembert sutures 
over the inverted stump, and as a final procedure the ligated mesoappendix is sutured 
over the inverted stump, thus peritonealizing the entire area. 


purse-string suture by pulling upward on this side of the suture, and 
traction is also made at a point on the cecal wall opposite this point by 
catching a tenial band with a pair of toothed tissue forceps and lift- 
ing it upward (Fig. 10b). The remaining Ochsner clamp is then re- 
moved, and the stump of the appendix is inverted through the purse- 


\ N / \ SS 7) 
TE 
+ 1 7 ye 


OCHSNER AND LILLY: TECHNIQUE OF APPENDECTOMY 549 


string suture into the cecal lumen by pushing it downward with the 
smooth tissue foreeps with which it has been held (Fig. 10c). The 
purse-string suture is drawn tightly as the tissue forceps are gently 
freed and withdrawn. The site of the inverted stump is carefully 
compressed with a sponge and the purse-string suture is tied. The site 
of the inversion is then reinforced by installing several Lembert su- 
tures over the area of inversion and by suturing the stump of the 
mesoappendix over this same area (Fig. 10d). In this way the hemor- 
rhage from an intramural branch of the appendicular artery is pre- 
vented by a loop in the purse-string suture around it; spillage during 
inversion is prevented by the use of three crushing clamps, which 
permit grasping of the crushed appendical stump before the last clamp 
is removed; and subsequent peritoneal infection is prevented because 
the infected stump is inverted into the cecal lumen and is not buried 
within the wall of the cecum. 


COMMENT 


The inversion without ligation of the appendical stump overcomes 
the objections to the other two techniques in that: (1) the serosa is 
brought in apposition to serosa, thus insuring firm healing of the cecal 
wound and obviating the danger of subsequent leakage from the cecum 
and peritoneal contamination ; (2) contamination is prevented from an 
infected stump lying free in the peritoneal cavity; (3) careful perito- 
nealization is secured; and (4) the infected appendical stump is not 
buried in a closed cavity. As shown by the experimental investiga- 
tions of Burkle-de la Camp,*® the inversion without ligation of the ap- 
pendical stump results in perfect healing of the cecal wound without 
any necrosis, exudation beneath the serosal sutures, or inflammatory in- 
filtration. The lack of findings following this type of operation con- 
trasts favorably with the marked inflammatory reaction occurring at 
the site of the ligated and inverted appendical stump. 


After a thorough consideration of all phases of the question it is 
obvious that there is no justification for ligation and inversion of the 
appendical stump. This method seems to combine all that is objec- 
tionable in the other two and has nothing to recommend it. We feel 
that the probability of the development of a cecal wall infection with- 
out adequate drainage is sufficient reason for an unqualified eondemna- 
tion of this procedure. The almost invariable development of an acute 
inflammatory reaction at the site of the ligated inverted stump is a 
potential cause of peritonitis which may end fatally, as in Case 3. Even 
though actual suppuration occurs infrequently, the milder types of in- 
flammatory reaction can be the origin of peritoneal adhesions, as 
emphasized by Kohler*® and others. On the other hand, we do not feel 
that the simple ligation method is desirable because of the very definite 
danger that the ligature may come loose and slip off or cut through 
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the crushed appendical -stump, as in Case 1. Simple ligation of the 
stump is also undesirable because of the high incidence of other com- 
plications following it, as illustrated by Willis”* investigation. Twen- 
ty-one per cent of 105 surgeons stated they had observed complications 
which consisted of fecal fistulas, adhesions to the ligated stump pro- 
ducing obstruction, and peritonitis. We do agree with Gurd,”' how- 
ever, that when the cecal wall is indurated and edematous, simple liga- 
tion is the only practical procedure, because of the difficulty and fre- 
quent impossibility of inverting the appendical stump. That it is 
the only procedure possible in such cases does not justify its use in 
other cases in which inversion can be accomplished. 

The only objections that can be made to the use of the inversion 
without ligation method are: first, the danger of the stump opening 
and causing contamination before it can be inverted; second, the 
danger of traumatizing or perforating the cecum while installing the 
purse-string suture; and third, the danger of postoperative bleeding 
into the cecum from an intramural artery in the appendical stump. 
As regards the first objection: We feel that contamination can be 
avoided easily by the employment of the described technique. We do 
not feel that the use of special crushing and inverting clamps, as ad- 
vocated by Kelly,*® and recently modified by Al Akl,*® is necessary or 
desirable. We have found that the stump can be sufficiently sealed by 
applying two Ochsner clamps proximal ‘to the site of removal (the 
third distal clamp is removed with the appendix). The distal one of 
these two clamps is removed and the crushed end of the appendical 
stump is grasped with a pair of plain-tipped tissue forceps before re- 
moving the proximal crushing clamp. After the crushed end has been 
conveniently and securely grasped, the first clamp is removed and the 
stump inverted into the cecal lumen without any spillage or contam- 
ination, because the crushed stump remains temporarily sealed. 

The danger of producing a hematoma in the cecal wall or perforating 
the lumen while installing the purse-string suture is a theoretical one 
and can be obviated by the careful introduction of the suture. If a 
fine silk suture on an atraumatic needle is used, the amount of trauma 
to the cecal wall is negligible. There is no reason why the cecal wall 
should be traumatized more or a hematoma caused more frequently in 
inverting the appendical stump than in the inversion of the duodenal 
stump or other intestinal stumps, which is considered by all surgeons 
the only proper way of managing such conditions. 

The danger of postoperative hemorrhage from an intramural 
branch of the cecal artery in the appendical stump is a definite one, as 
has been pointed out by Seelig,® unless measures are used to prevent its 
occurrence. As all the blood supply to the appendix is derived from 
the appendicular artery, which is located in the mesoappendix, it is 
reasonable that ligation of the latter would result in complete hemos- 
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tasis in the appendix. Hemorrhage from an unligated stump has 
been reported by many observers. In the statistical study made by 
Willis,** 10 of the 105 surgeons who responded to his questionnaire 
stated they had observed hemorrhage from the unligated stump. 
Other cases of hemorrhage have been reported by Fowler”? and Seelig.® 
Hemorrhage from the stump in such an instance must come from an 
intramural branch of the appendicular artery which was not secured 
by ligation of the mesoappendix. In an anatomic investigation we 
found, in 15 per cent of cadavers examined, an intramural branch of 
the appendicular artery which would not be caught if the mesoap- 
pendix alone was ligated. Complete hemostasis can be secured in such 
eases by introducing the purse-string suture in such a way as to 
obliterate an existing intramural vessel. The introduction of the purse- 
string suture begins at the attachment of the mesoappendix and passes 
through the cecal wall at this point down to and including the sub- 
mucosa. Instead of continuing around the base of the appendix in 
the conventional manner, the needle is inserted a second time at the 
mesenteric attachment, making a loop around that portion of the cecal 
wall. This accomplishes the same purpose as the purse-string suture- 
ligature described by Nixon,*® but we feel that the method described 
has the additional advantage of affording a fixation of one end of the 
purse-string suture, and thereby facilitates the inversion of the stump. 
Because the theoretical disadvantages of the inversion without liga- 
tion method can be overcome easily by the technique suggested and 
because this technique satisfies all physiologic and surgical require- 
ments, it is the ideal technique of appendectomy. In contrast to the in- 
version without ligation technique, the dangers of the other two 
methods cannot be entirely eliminated and although in most instances 
the patient will recover from an appendectomy performed according 
to the simple ligation and ligation plus inversion techniques, the mor- 
bidity is likely to be greater and cause more frequent complications. 
The possibility of occasional, but fortunately rare, catastrophes, as 
in the three cited cases, should preclude the use of either of the last 
two techniques as they are neither surgically nor physiologically sound. 


CONCLUSIONS 


1. Appendectomy should be performed while the inflammation is 
still confined to the appendix and in such a way as to prevent con- 
tamination of the peritoneum and the abdominal wall either during or 
after operation and also in such a way that no hemorrhage can occur 
from the appendical stump. 


2. Simple ligation of the appendical stump prevents the burying 
of the infected stump in a closed cavity, secures hemostasis, and is 
easily performed. The procedure, however, is unsurgical, because 
there remains free in the peritoneal cavity a contaminated raw surface. 


i 


552 SURGERY 


Contamination of the peritoneal cavity may result from the ligated 
stump either from the microorganisms on the stump or because of 
loosening of the ligature or necrosis of the stump as a result of the 
ligation. Simple ligation of the stump does not secure apposition of 
serosa to serosa which is important in all gastrointestinal surgery. 
The incidences of fecal fistulas, persistent sinuses, peritonitis, and in- 
testinal obstruction are high following this method. A fatal case of 
peritonitis from ‘‘blowing out’’ of the appendical stump treated by 
simple ligation is reported. 

3. Ligation and inversion of the appendical stump is the technique 
most frequently employed. It has the advantage that peritonealization 
and hemostasis are secured. The method, however, violates a surgical 
principle; i.e., the inversion of an infected stump into a closed cavity. 
As a result of inflammation occurring around the inverted, infected 
stump, there is likely to be extension of the inflammatory process to 
the surface of the cecum with resulting peritoneal reaction and ad- 
hesions. There is also likelihood of an abscess forming which may re- 
solve spontaneously, rupture into the cecum, or into the peritoneal 
cavity. Two cases are reported, one which recovered, in which pre- 
sumably a cecal wall abscess ruptured into the lumen of the cecum 
and the other in which the abscess ruptured into the peritoneal cavity, 
resulting in death. As a result of the ligation and inversion, granu- 
lomas can develop at the site of the stump and cecal diverticula have 
been reported. 

4. The inversion without ligation technique is the ideal procedure 
provided that the stump can be inverted without contamination of 
the peritoneal cavity and that hemostasis can be secured. In the 
technique described this is accomplished by applying three crushing 
forceps to the appendical stump and by grasping the crushed sealed 
stump before the last forceps is removed prior to inversion. Hemos- 
tasis is secured by introducing a purse-string suture in such a way 
that an intramural branch of the appendicular artery is grasped in the 
purse-string suture. Because the crushed stump is inverted into the 
lumen of the cecum, there is no danger of subsequent inflammation oe- 
curring around this stump and extending to the cecal wall or perito- 
neal cavity. 
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ARTERIOVENOUS FISTULA INVOLVING THE COMMON 
CAROTID ARTERY AND INTERNAL JUGULAR VEIN 


I. A. BiaGEr, MD., AND K. M. Lippert, M.D., RicHMonp, Va. 
(From the Department of Surgery, Medical College of Virginia) 


a tH arteriovenous fistulas are not unusual, they rarely oecur 
between the common carotid artery and internal jugular vein. 
In Reid’s! report of 26 arteriovenous fistulas treated at the Johns 
Hopkins Hospital, none occurred between these vessels, and they were 
involved in only 32 of the 447 cases which Callander? collected from 
the literature up to 1920. 

The accompanying table contains a brief summary of 12 additional 
cases of common e¢arotid-internal jugular fistula collected from the 
literature, which make a total of 44 cases reported since 1821. We 
are adding 1 case. 

There is considerable confusion in the terminology used to describe 
the various anatomic types of arteriovenous communication. It would 
seem that arteriovenous fistula should be used as the general term to 
deseribe all abnormal communications between arteries and veins, and 
that the term arteriovenous aneurysm should be reserved for those 
cases in which there is a localized dilatation of either the artery or 
vein at the level of the fistula. The ease which we are presenting is an 
arteriovenous aneurysm, as there was a localized saeculation of the 
vein at the level of the fistula. 


CASE REPORT 


C. 8., a colored man, fifty-eight years of age, was admitted to the Saint Philip 
Hospital on Dec. 18, 1953, complaining of a pulsating mass in the left side of the 
neck and a continuous roaring in his head. On Jan. 25, 1933, eleven months before 
admission, he was stabbed with a knife in the left side of the neck a short distance 
below the angle of the mandible. There was an immediate profuse hemorrhage 
from the wound, which was controlled by pressure. A small mass developed at some 
distance below the level of the wound in the skin about three weeks after the injury 
and gradually enlarged. At first the patient was disturbed by a peculiar whistling 
sound which appeared to originate in his neck; this was later replaced by a roaring 
in his head. Two months after the injury his left eye became ‘*blood-shot’’ and 
his vision impaired. He also began to have choking sensations and attacks of 
coughing, then became hoarse and could not articulate well. As the mass enlarged 
he developed a dull, aching pain extending from the left supraorbital ridge to the 
left ear and left side of the mandible; at times he had a generalized pain over the 
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entire left side of the head and this was occasionally accompanied by attacks of 
vertigo and nausea. During the six months prior to admission he was mentally 
depressed and had difficulty in collecting his thoughts. 

On physical examination the patient, a well-developed and well-nourished colored 
man, presented a pulsating ovoid mass in the left side of the neck extending from 
the level of the angle of the jaw downward and forward beneath the sterno- 
cleidomastoid muscle to within a short distance of the clavicle. The mass measured 
8.75 em. by 6.25 em. by 5 cm. Palpation revealed a continuous thrill which was 
more pronounced with each heart beat, and on auscultation over the mass a continu- 


Fig. 1.—Photograph of patient showing size and location of false aneurysm associated 
with a fistula between the common carotid artery and internal jugular vein. 


ous machinery-like murmur, with a pronounced systolic accentuation, was heard. 


Dilated, pulsating veins were present over the upper part of the neck, around the 
left ear, in the left conjunctiva, and beneath the left buccal mucosa. There was a 
well-healed scar just below and in front of the angle of the left jaw. 


The eyes were examined by R. H. Courtney, who reported that the vessels in both 
eyes were tortuous; those in the left eye were more so than those in the right. There 
were two recent hemorrhages just above the left optic disk. 

Examination of the chest was negative except for a slight enlargement of the 
heart; the point of maximum cardiac impulse was found in the fifth intercostal 
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space 11.5 em. to the left of the midsternal line. A teleroentgenogram showed the 
transverse diameter of the heart to be 15.5 em. and the transverse diameter of the 
chest 29 em., indicating only a slight cardiac enlargement. The cardiac rate varied 
from 60 to 80 beats per minute. Pressure over the pulsating mass caused slowing of 
the pulse rate (Branham’s3 sign); on one occasion it dropped from 60 to 40 beats 
per minute. A soft systolic murmur was heard at the apex but it was not trans- 
mitted. 

The blood pressure, in the brachial arteries, was 110 mm. Hg systolic and 70 mm. 
Hg diastolic. The venous pressure varied from 20 to 26 mm. of water. 


There were no other significant findings. 


Fig. 2.—Teleroentgenogram showing soft tissue swelling in the neck and the cardiac 
enlargement associated with carotid-jugular fistula. 


Operation was performed on Dee. 22, 1933. The patient was given 3 gr. of 
sodium amytal per os the night before operation and 6 gr. per rectum the morning 
of operation. He was also given 4 gr. of morphine and 1/150 gr. of atropine hypo- 
dermically thirty minutes before going to the operating room, and 85 mg. of avertin 
per kilogram of body weight was given per rectum, in the operating room. One- 
half of one per cent novocaine was injected into the skin and subcutaneous tissues 


overlying the aneurysm and an incision was made from just below the tip of the 
left mastoid process to the left sternoclavicular joint. The superficial tissues in- 
cluding the platysma muscle were dissected up on either side of the line of incision 
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to expose the left sternocleidomastoid muscle, which was freed up and _ retracted 
posteriorly. The common carotid artery was exposed with some difficulty just above 
the sternoclavicular joint and then above the fistula, and tapes were passed around 
it for the control of hemorrhage during the excision of the sac and repair of the 
opening. The internal jugular vein was doubly ligated and divided above and _ be- 
low the aneurysm sac. The sac was dissected out completely; the artery was tempo- 
rarily occluded both above and below the fistula, and the sac was excised. The 
fistulous opening, which was about 7 mm. in diameter, was closed by through-and- 
through interlocking mattress sutures of fine silk. The remaining portion of the 


Fig. 3.—Teleroentgenogram made five days after closure of the arteriovenous fistula, 
showing the diminution in the size of the heart. 


vein wall was turned forward and sutured to the medial part of the vascular sheath 


to reinforce the closure. The wound was repaired with interrupted sutures through- 
out. 

The pathology report by Paul Kimmelstiel was as follows: ‘‘The sections reveal 
that the wall of the aneurysm sac consists almost entirely of dense connective tissue. 
Van Gieson’s stain shows that there are no muscle fibers present but an elastic tissue 
stain reveals a few scattered, fragmented, elastic fibers within the wall. The inner 
layers of the wall are covered with thrombotic material. Diagnosis: Wall of false 
aneurysm. ’’ 
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The patient’s condition remained entirely satisfactory throughout the operation 
except while the carotid artery was occluded, when the pulse volume became poor 
and the rate rapid. The pulse volume improved and the rate became slower as soon 
as the lumen of the artery was restored. 

Soon after reacting from the anesthetic, the patient commented upon the disap- 
pearance of the roaring sound in his head. 

Following operation there was at all times a full pulse in the left temporal artery, 
indicating that the lumen of the carotid artery had remained patent. Five days 
after operation a teleroentgenogram showed a reduction of 2 em. in the transverse 
diameter of the heart; and the descending vena cava, which had been unduly prom- 
inent previous to operation, now had a normal contour. Electrocardiographic 
tracings made fifteen days after operation showed a regular cardiae rhythm, but the 
rate was only 46 per minute. Two months later the pulse rate was only 63 per 
minute. 

He made an uneventful recovery and when examined on March 19, 1934, seemed 
to be perfectly well. <A letter from his physician written on July 10, 1935, stated 
that he was well and had returned to his former work as a railroad section hand, and 
a letter from the patient on January 2, 1937, stated that he was still well. 


COMMENT 


In this case there was a more marked accentuation of the thrill and 
bruit during systole than is usually observed in arteriovenous fistulas, 
these signs resembling more nearly those found in arterial aneurysms. 
There was only slight enlargement of the heart and no other evidence 
of cardiac damage. It is probable that the findings in this case were 
somewhat atypical because of the presence of the large aneurysm sae 
which allowed a fluctuation in the rate of the return. flow of blood; 
the arterial blood, instead of being promptly transported back to the 
right auricle, distended the sae during systole and during diastole 
drained back through the jugular vein to the heart in a manner more 
nearly approaching the normal. If this assumption is correct, the 
aneurysm sae acted as a ‘‘shock-absorber,’’ which may have prevented 
the development of the degree of cardiae dilatation usually found in 
arteriovenous fistulas. 

TREATMENT 


The treatment of arteriovenous fistulas has been discussed thoroughly 
by Matas,* Makins,® Reid,® Brooks,’ Elkin,’ and others. We wish 
briefly to discuss this question as it applies to fistulas between the com- 
mon carotid artery and internal jugular vein. 

Although the literature contains accounts of the spontaneous heal- 
ing of arteriovenous fistulas, surgical intervention should not be de- 
layed unduly with the hope that this will happen. The consensus of 
opinion indicates that usually it is best to operate upon these patients 
in from three to six months after injury, which gives sufficient time 
for the development of the collateral circulation. This also allows 
adequate time for the organization of the hemorrhage, the return of 
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the surrounding tissues to normal, and the disappearance of any organ- 
isms implanted in the tissues at the time of injury. 


The great importance of reestablishing the circulation through the 
internal carotid artery should be given due consideration in deciding 


Superior thyroid arte e 


Internal Jaqular vein_| 


Common carotid artery and sheath. 


Fig. 4.—Drawing showing aneurysm sac after it had been dissected out and ligation 
of jugular vein and its chief tributaries. 


upon the type of operation to be used in the cure of these fistulas. 
Hunter’s proximal ligation at a distance, Anel’s proximal ligation close 
to the fistula, and ligation both proximal and distal to the fistula have 
all been employed in the treatment of arteriovenous fistulas with vary- 
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ing degrees of success. Quadruple ligation and extirpation of the 
fistula-bearing portion of the vessels is often the procedure of choice 
when the fistula is located between major vessels of the extremities, 
but should not be used as a primary procedure in fistulas between the 
carotid artery and jugular vein. If it is planned to use this procedure, 


sutures through tistula 


Fig. 5.—A, Illustration of the method of placing sutures for the closure of the 
fistula; B, reinforcement of the closure with a portion of the adjacent vein wall; C, 
plication of the carotid sheath over the site of the fistula for added support to the 
closure, 


the vein should be doubly ligated and divided above and below the 
fistula and the artery should be temporarily occluded by a fascial band 
as a test of the sufficiency of the collateral circulation; especial care 
should be taken in applying the band to avoid injury to the intima of 
the vessel. If this test shows an adequate collateral circulation, com- 
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plete excision of the fistula-bearing area will carry little danger and 
may be proceeded with. On the other hand, if the collateral circulation 
proves to be inadequate, some method of repair such as the Matas- 
Bickham‘ transvenous arteriorrhaphy should be used. We believe that 
the latter procedure is the one of choice in most instances as the 
primary operation. We agree with Brooks’ that repair of the fistula 
with preservation of the lumen of both artery and vein is the ideal 
procedure, but in most cases ligation of the vein gives rise to few, if any, 
symptoms, and there is greater danger of embolism if the lumen of the 
vein is preserved. Furthermore, it is technically easier to ligate the 
vein and repair the artery, and the vein wall may be used to reinforce 
the arterial suture line. 


SUMMARY 


Only forty-four cases of fistula between the common carotid artery 
and internal jugular vein have been reported in the literature. We are 
adding the case herein described. 

The findings in our case were apparently altered by the presence of 
the large false aneurysm which communicated with the fistula. 

In the treatment of carotid-jugular fistulas, the maintenance of an 
adequate circulation through the internal carotid artery is of primary 
importance. For this reason, transvenous arteriorrhaphy is the pro- 
cedure of choice in most instances. Ligation of one internal jugular 
vein usually produces no important symptoms and the dangers of 
thrombosis and embolism are greatly diminished by lgation of the in- 
volved vein. If for any reason it is decided to do a quadruple ligation 
and excision of the fistula-bearing area of both vessels, the adequacy 
of the collateral circulation should be tested by proximal occlusion of 
the artery by a fascial band. The vein should be doubly ligated and 
divided above and below the fistula at the time of the temporary oe- 
clusion of the artery; especial care should be taken not to injure the 
intima of the artery. 
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A PROBABLE CAUSE FOR THE HIGH MORTALITY FOLLOWING 
CHOLECYSTOSTOMY, CHOLECYSTOGASTROSTOMY, AND 
CHOLECYSTODUODENOSTOMY IN JAUNDICED 
PATIENTS 


R. Best, M.D., AND N. FreperIcK Hicken, M.D., Omana, NEB. 


(From the Departments of Surgery and Anatomy, University of Nebraska College 
of Medicine) 


eee the last decade has seen a definite lowering of the mor- 
tality rate in most phases of biliary tract surgery, an appalling 
number of deaths still follow cholecystogastrostomy or cholecystoduo- 
denostomy which attempt to deflect bile from the hepatic ducts to the 
gastrointestinal tract in jaundiced patients. Such a procedure is not 
usually one of selection, but rather the surgeon is forced to make some 
type of anastomosis between the extrahepatic biliary tract and the 
stomach, the duodenum, or, more infrequently, the small or large 
intestine. The forcing hand has usually been increasing jaundice, 
eaused by carcinoma of the pancreas or bile duct, chronic pancreatitis, 
stricture or injury of the common duct, or a stone in the common duct 
which could not be removed. Malignancy heads the list. It is true 
that anastomosis between the gallbladder and gastrointestinal tract 
has been used as an operation of selection in various other conditions. 
For instance, Babcock! ? in 1920 reported cholecystogastrostomy and 
cholecystoduodenostomy to be of benefit in controlling hyperchlor- 
hydria. Later DuBose*: + reported on the same subject. In 1923, Blos? 
dealt with cholecystoduodenostomy as a means of inhibiting biliary 
infection. Steel® discussed internal drainage of the gallbladder as a 
routine measure in biliary infection. Heyd,‘ as late as 1934, in a most 
interesting article, offered cholecystogastrostomy as a treatment in 
acute liver degeneration. Except in the cases of liver degeneration, 
the exact mortality figures for this rather selective group could not 
be determined, although from the statements and discussions one would 
assume them to be very low. However, when considering short-circuit- 
ing operations for the relief of jaundice, especially those associated 
with malignancy, an entirely different problem of mortality confronts 
us, 

Reestablishing the flow of bile from the liver to the gastrointestinal 
tract becomes a vital necessity when the intrinsic or extrinsic obstrue- 
tion which is blocking the lower end of the common duct cannot be 
removed. Many times a two-stage procedure is necessary, the first 
step involving short-circuiting or drainage to relieve the jaundice and 
improve the general condition of the patient, and the second step be- 
ing removal of the obstructive agent. 
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Carcinoma of the head of the pancreas with associated jaundice is 
the most common reason for establishing a biliary-intestinal anastomosis. 
Hoffman states that it is safe to assume 8 per cent of all cancer deaths 
are due to cancer of the pancreas, and there are about 4,000 such 
deaths in this country each year. A high mortality attends surgery 
in such cases, but we agree with Clute® that exploration should be made 
if only to rule out a possible stone or pancreatitis. Relief from the 
wretched itching in itself justifies biliary-intestinal anastomosis even 
though life is not materially prolonged. 

Bernhard’® presents an interesting summary of 128 biliary-intestinal 
anastomoses, in 115 of which he found the lower end of the common 
duct to be obstructed by carcinoma of the pancreas, pancreatitis, or 
stenosis of the duct. Thirteen cholecystogastrostomies were done, with 
3 deaths, a mortality of 23.1 per cent. Forty-four cholecystoduodenos- 
tomies resulted in 14 fatalities, or 31.7 per cent, making an average 
of 29.8 per cent. In 58 choledochoduodenostomies, only 5 deaths oe- 
curred, a mortality of 8.6 per cent. The difference between the average 
for those cases involving the gallbladder and cystie duct in the anas- 
tomosis and that for the group in which only the common duct was 
used is most striking. Coughlin and MecCaughan!! reported a mor- 
tality of 43.8 per cent for 16 jaundiced patients on whom cholecysto- 
enterostomies were performed. They sponsor operation in all such 
eases, for the diagnosis may be wrong and the condition may prove 
to be nonmalignant. Coller and Winfield’ stated that in 27 cases of 
jaundice anastomosis was carried out in all but one instance. Eight 
deaths followed, a mortality of 29.6 per cent. They did not state which 
short-cireuiting procedure they used. Judd and Parker'® described 
137 biliary-intestinal anastomoses for obstructive jaundice. Unfortu- 
nately, the mortality figures for this group are not clearly set forth, 
but an analysis of 68 cases which was provided revealed 26 deaths, or 
an average of 38.2 per cent. In a series of 34 consecutive cancers of 
the pancreas, 18 deaths established a mortality of 52.9 per cent. Elia- 
son and Johnson" in discussing biliary-intestinal anastomosis have 
recently added 10 cases with 4 deaths, a mortality of 40 per cent. 
Kehr, from a total of 28 carcinomas of the pancreas or lower end 
of the common duct, reports 21 fatalities, jumping his average to 75 
per cent. Mayo Robson,'? with 15 cases and 8 deaths, announces a 
mortality of 53.3 per cent. 

For this total of 221 cases, the mortality average is 41.1 per cent. 
The group embraces, as far as could be deduced by this author, pa- 
tients who were jaundiced because the lower end of the common duct 
was occluded by cancer of the pancreas, cancer of the lower end of 
the duct, pancreatitis, stenosis of the lower end of the duet, or, in a 
few instances, by stones. If only cancer of the head of the pancreas 
or the lower end of the common duct were considered, the mortality 
average would probably be higher. 
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Our own assemblage numbered 5, all patients with cancer of the 
pancreas or the lower end of the common duct on whom cholecysto- 
gastrostomy was performed or cholecystostomy was carried out as a 
palliative measure or as the first step in biliary-intestinal anastomosis. 
One fatality established a mortality average of 20 per cent, which we 
appreciate was quite low as compared with the published statistics and 
experiences of others. This increased rather suddenly, as will be dis- 
cussed later. 

About this time we became interested in immediate and delayed 
cholangiography. Among a number of patients presenting stones or 


Fig. 1.—Cholangiogram at table showing an occluded cystic duct. 


stricture within the common duct, ii seemed advisable not to remove 
the gallbladder in two instances, but rather to carry out cholecystos- 
tomy and choledochostomy. Cholangiographs, taken after injecting 
the contrast medium through the cholecystostomy tubes, revealed both 
cystic ducts to be obstructed, thus supporting our observation of no 
bile drainage. Cholangiograms on the seventh postoperative day 
showed the cystic ducts still blocked. In one case, however, bile ap- 
peared through the cholecystostomy tube on the tenth day, and a 
check-up radiograph six days later substantiated the patency of the 
eystic duct. Fortunately, in both of these patients we were able to 
remove the stones and release the obstruction as well as to decompress 
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the biliary tract by choledochostomy. Doubtless they would have suc- 
cumbed to the operations if we had not been able to remove the 
pathologic block, since merely draining the gallbladder without de- 
compressing the remainder of the biliary tract would have added insult 
to injury. This point was so dramatically impressed upon us that we 
could not help but reflect upon the inadequacy of cholecystostomy or 
gallbladder-intestinal anastomosis in the presence of severe jaundice 
associated with malignancy of the head of the pancreas or the lower 
end of the common duct, and also where the cystic duct is considered 
patent but may be obstructed. Although we were fully aware of the 
high mortality attending cholecystogastrostomy and cholecystoduo- 
denostomy, we decided to proceed with some clinical studies using 
cholecystostomy as the first step of a biliary-intestinal anastomosis, 
and performing cholecystogastrostomy or duodenostomy in certain 
cases in which we were to be guided by the type of bile, the appearance 
and probing of the cystic duct, and also by the cholangiographic status 
of the cystic duct. Determining the patency of the cystic duct by 
probing alone is not dependable unless the probe passes through the 
cystic duct into the common duct. On the other hand, if the probe 
does not enter the common duct, occlusion of the cystic duct does not 
necessarily follow, as we have proved by cholangiograms in such cases 
that opaque media injected into the gallbladder may readily enter the 
common duct. Using these aforementioned criteria for a patent cystic 
duct, we soon encountered the following cases. 
CASE 1.—Mr. B., aged sixty-five years, presented a history of vague subcostal 
pain following meals for one year. He became nauseated and vomited every eve- 
ning, was slightly jaundiced, and lost 40 pounds (18 kg.) of weight during this 
period. Physical examination revealed general abdominal tenderness and a mass 
in the epigastrium. After ten days of preoperative observation and preparation, 
the abdomen was opened and a mass the size of an egg was found at the lower 
end of a greatly dilated common duct. Heavy, dark green bile was aspirated 
from the distended gallbladder. As one held the gallbladder, bile seemed to be 
slowly released from its depths as though welling up from the cystie duct. About 
30 ¢.c. of lipoiodine was injected, and an immediate cholangiogram revealed the 
cystic duct to be occluded (Fig. 1). However, a cholecystogastrostomy was done 
in the hope that our cholangiogram was in error or that some valvular obstruction 
or edema in the region of the cystic duct would be released after decompression 
of the gallbladder. At autopsy, ten days later, the cystic duct was still occluded. 

CASE 2.—Mrs. 8., aged sixty-eight years, complained of indigestion for a year. 
Two months before admittance to the hospital she experienced some sharp pains in 
the right upper quadrant. About two weeks later, she began vomiting almost 
everything she ate and became jaundiced. Examination revealed deep jaundice, 
some tenderness in the right upper quadrant, and a palpable liver margin. The 
icteric index was as high as 320 on one occasion. After careful preoperative man- 
agement, she was operated upon; the gallbladder was found to be the size of an 
orange, the common duct was dilated, and the cystic duct was definitely distended. 
Because of the appearance of the bile and the size of the cystie duct, it was felt 
that the duct was undoubtedly patent, and it was not probed. The head of the 
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pancreas was considerably thickened. Due to the patient’s condition, it seemed 
advisable merely to decompress the biliary tree by a cholecystostomy and possibly 
to do a biliary-intestinal anastomosis later. As soon as the patient was returned 
to the ward, 50 e.c. of lipoiodine was injected into the cholecystostomy tube and 
cholangiograms were taken at five and ten minutes (Fig. 24). None of the 
radiopaque medium reached the common duct. One hour later, 20 ¢.c. more of 
lipoiodine was injected and the cystic duct still appeared occluded. No bile drained 
until the third postoperative day, and then only a limited amount escaped, and on 
the fourth day the patient died. A cholangiogram taken on that day demonstrated 
the cystic duct to be patent (Fig. 2B). Autopsy revealed no peritonitis, and 
the diagnosis of carcinoma of the head of the pancreas was made. 


CasE 3.—Mr. 8., aged seventy-two years, became jaundiced about six weeks prior 
te entering the hospital. He noticed a loss of appetite, a tendency to diarrhea, 


Fig. 2A.—Cholangiogram taken shortly after a cholecystostomy showing occluded 
eystic duct. 


and a loss of 18 pounds of weight during this six-week period. Examination re- 
vealed deep jaundice, some tenderness in the right upper quadrant with a palpable 
liver margin. The icteric index reached 120. An x-ray of the stomach revealed 
some flattening of the duodenum, apparently from external pressure. The decision 
to operate was not made until he had been in the hospital for several weeks. 
Upon opening the abdomen, a hard mass was found to involve the hepatic ducts, 
extending from the liver surface down to and including the junction of the cystic 
duct with the common duct. The gallbladder was collapsed. Although any opera- 
tive procedure was futile, a cholecystostomy was done to facilitate cholangiographic 
studies for proof of cystic duct obstruction. This patient survived for ten days, 
and autopsy revealed carcinoma of the hepatic duct with no evidence of metastasis. 


Up to the advent of these 3 cases, we had reported 5 instances of 
carcinoma of the head of the pancreas associated with deep jaundice 
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in which either cholecystostomy or a gallbladder-intestinal anastomosis 
was done, with only 1 death, a mortality average of 20 per cent. This 
operative death had followed a cholecystogastrostomy and autopsy 
showed no evidence of leakage or peritonitis. The 3 remaining cases 
have since died. The third case described in the latter series should 
not be considered in the former group for the malignancy was above 
the junction of the cystic and common ducts, and death was inevitable. 
Since we are dealing primarily with malignant obstructive lesions at 
the lower end of the common duct or in the head of the panereas in 
this discussion, the other 2 cases may well be considered operative 
deaths, thus bringing our series up to the small total of 7, with 3 


Fig. 2B.—Same case as shown in Fig. 24, with cholangiogram on fourth post- 
operative day. Bile appeared through the tube on the third postoperative day. 
Patient succumbed on fourth postoperative day. 


deaths, a mortality now reaching 42.8 per cent. Of course, discussion 
of mortality rates in such small groups is rather misleading as one 
more case, successful or unsuccessful, would effect a marked change 
in the mortality figures. For instance, in our series the rate was 
doubled by the two additional deaths; whereas, if these patients had 
survived the immediate operation, an exceptionally low and misleading 
mortality rate could have been quoted. 

We believe a critical analysis of these and other experiences with 
cholangiography affords a definite clue to the high mortality that often 
attends cholecystostomy, cholecystogastrostomy, or duodenostomy in 
jaundiced patients, particularly those associated with carcinoma of 
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the head of the pancreas. The main purpose of these operations is to 


decompress the biliary tree, usually in an individual who is desperately 
ill; because of his critical condition, the simpler method of biliary de- 
compression is selected. A cholecystostomy may be done in the hope 
that the decompression will reduce the edema and permit some bile 
to get through to the intestinal tract, either to relieve the intolerable 
itching or to serve as the first stage of cholecystogastrostomy or 
cholecystoduodenostomy. Of course these operations cannot decom- 
press the biliary system unless the cystic duct is patent; and as we 
have just mentioned, the accepted criteria for a patent cystic duct not 
infrequently fail us. 

For example, in Case 1, the gallbladder was distended, the bile was 
characteristic of concentrated gallbladder bile, no evidence of gross 
blocking of the cystic duct could be seen, and the bile appeared to be 
slowly welling up from the region of the neck of the gallbladder. This 
would seem sufficient indication that the cystic duct was patent. How- 
ever, a cholangiogram at the table showed that none of the radiopaque 
medium injected into the gallbladder passed into the common duct. 
In the hope that any existing edema would subside, that a one-way 
valvular mechanism might be present, or that the cholangiogram might 
have been in error, a cholecystogastrostomy was done. Autopsy re- 
vealed that our usual criteria for a patent cystic duct had again failed 
and that the duct was still occluded, as was evidenced in the cholan- 
giograph. In Case 2, the gallbladder distended with greenish black 
bile, the dilated cystic duct, and the apparent welling up of bile in 
the gallbladder made the cystic duct appear so obviously patent that 
a cholecystostomy was done in this critically ill patient. However, a 
cholangiogram, one hour after operation, revealed the duct to be 
blocked. A small amount of bile drained on the third day, but the 
patient had lost considerable ground in the interim, since she not only 
had to combat the jaundice and the malignancy which had already 
brought her to a serious condition, but had also to withstand the shock 
of an ineffective surgical procedure. Death was inevitable. Immediate 
drainage of bile might have prevented this. It is true that edema 
around the cystic duct at times subsides after release of tension in the 
gallbladder, and we have had this occur in other cases not associated 
with malignancy of the pancreas. In a severely ill patient, however, 
the critical hours are those following operation, and during the next 
three to seven days, and when the surgical trauma does not offer some 
mechanical or physiologic relief, insult is added to injury and the 
patient is worse off than if operation had not been carried out. It is 
our opinion that this added burden of unsuccessful operation accounts 
for the rather high mortality rate. 

Referring to Table I, we find that Bernhard’ utilized the gallblad- 
der in one group of biliary-intestinal anastomoses with a mortality of 
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29.8 per cent. He used the common duct in a similar group with a 
mortality of only 8.6 per cent, a reduction of 21.2 per cent. This is 
particularly interesting when we consider that the technical difficulties 
of choledochoduodenostomy are greater than those of cholecystogas- 
trostomy or cholecystoduodenostomy. 


TABLE I 


BILIARY INTESTINAL ANASTOMOSIS 


MOR- 
AUTHOR OPERATION CASES DEATHS TALITY 
RATE 


Bernhard Cholecystoenterostomy 57 29.8% 
Bernhard Choledochoduodenostomy 58 ; 8.6% 
Coughlin and McCaughan Cholecystoduodenostomy 16 43.8% 
Coller and Winfield 27 29.6% 
Judd and Parker | Biliary intestinal anastomosis— 68 j 38.2% 
Eliason and Johnson . type not given—malignancy and 10 40.0% 
Kehr jaundice cases in group 28 75.0% 
Mayo Robson 15 53.3% 


Total cases, excluding 58 in which choledochoduodenostomy 221 41.1% 
was done 
Best and Hicken Cholecystostomy or  cholecysto- 7 42.8% 
gastrostomy with malignancy 
and jaundice 
Total cases of cholecystostomy and cholecystoenterostomy 228 ¢ 40.1% 


Total cases of choledochoduodenostomy 58 8.6% 


In the light of our experience and investigation, it seems dangerous 
to accept the recognized criteria for a patent cystic duct in those 
jaundice cases which are associated with malignancy of the head of 
the pancreas or the lower end of the common duct. If one cannot 
definitely insert a probe through the cystic duct and into the common 
duct, there are two alternatives. Either an immediate cholangiograph 
can be made to determine the exact status of the cystic duct, or the 
eommon duct can be directly attacked either by choledochostomy or 
choledochoduodenostomy. If the cholangiogram proves the cystic duct 
to be obstructed, the latter procedure is certainly indicated. 

Technique of cholangiography at the table is as follows: Before the 
anesthetic is given, the casette is placed beneath the patient, preferably 
in a wooden tunnel such as has been previously described by us. The 
bile is aspirated from the gallbladder and 30 to 50 ¢.c. of the radio- 
paque medium is injected. At present, we prefer to use a 48 per cent 
solution of hippuran. The puncture wound in the gallbladder wall is 
erasped with a forceps and ligated; the mobile x-ray unit is brought 
into place; the plate taken, developed, and interpreted. If the con- 
trast medium is not visible in the common duct, choledochostomy or 
choledochoduodenostomy is indicated. 

If a probe cannot be directed through the cystic duct, immediate 
cholangiography is not indicated in most instances, but an attack 
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should be made upon the common duct for biliary decompression. 
Our cholangiographie studies were made more for investigative pur- 
poses and to prove the fallibility of all our present criteria for an 
unobstructed cystic duct, except probing. 


SUMMARY 


Figures have been presented which show the high death rate for 
biliary decompression by cholecystostomy or gallbladder-intestinal 
anastomosis in the event of jaundice associated with carcinoma of the 
pancreas or of the lower end of the common duct. Three cases are 
reported in which biliary decompression was not accomplished because 
of cystic duct obstruction, and the patients succumbed to the extra 
load of operation. These cases also demonstrate the unreliability of 
our criteria for a patent cystic duct, unless a probe can be inserted 
through the duct. If this cannot be accomplished, either a cholangio- 
gram should be made at the table to further assist in establishing the 
patency of the duct, or choledochostomy or choledochoduodenostomy 
should be performed immediately. Although common duct drainage 
and common duct duodenal anastomosis are technically more difficult 
than utilization of the gallbladder, the mortality rate is decidedly 
lower. 
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CHRONIC NONSPECIFIC ULCERATIVE COLITIS 
REVIEW OF 138 CASES 


CLARENCE W. Monrog, M.D., Oak Park, ILL. 
(From the Presbyterian Iospital) 


[* THE ten-year period from January 1, 1925, to December 31, 1934, 
there were admitted to the Presbyterian Hospital 138 patients 
with chronic nonspecific ulcerative colitis. It is the purpose of this 
paper to record the experience of the hospital staff with this disease 
over the ten-year period and to emphasize the disabling nature of the 
complications which may result. 

In selecting the cases for this study, a concerted effort was made 
to exclude all those in which there was any serious question of tuber- 
culous or amebie infection. The chronicity of the disease usually 
adequately ruled out the more acute causes of colitis. In the great 
majority of cases there was definite demonstrable disease of the colon 
in the form of ulceration or bleeding readily seen on proctoseopie 
examination, or narrowing and loss of haustration on roentgenologie 
examination. The group was made up of 75 females, 63 males. 

Practically every patient gave a history of blood, pus, or mucus in 
frequent soft or watery stools. Other symptoms varied with the in- 
dividual case according to the complications present. On the basis of 
the individual’s symptoms and the demonstrable extent of the disease 
an attempt was made to classify the cases as mild or severe (Table I). 


TABLE T 


ULCERATIVE COLITIS CASES, 1925—1934 INCLUSIVE 


Males 63 
Females 75 
Total 138 
Severe cases 49 
Mild cases 89 
Total 138 


A case was considered to be severe if the patient was prevented for 
long periods of time from doing his usual tasks, if major surgical 
procedures were required, or if the disease ran a fulminating course. 
Chronicity of symptoms in itself was net regarded as constituting a 
severe case unless those symptoms prevented the patient from doing 
his usual work. On this basis about one-third of the 138 cases were 
regarded as being severe, the rest as mild. The duration of symptoms 
before admission varied considerably, but 42 per cent had been ill for 
from one to three years before coming to the hospital. (Table IT.) 
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TABLE II 


_— of Symptoms Before Admission 


As has been repeatedly pointed out, this is a disease of the third 
decade of life (Table III). One-third of the patients were between 
20 and 29 years of age when they first came to the hospital, and 66 
per cent were under 40 years of age. If the date of onset of symp- 
toms is taken, the occurrence in young adults is even more apparent, 
72 per cent being between 10 and 39 years old. The average age or 
admission was 33.4 years; the average age at onset of symptoms, 30.7 
years. 

TABLE III 
Age Distribution 


Number of Cases 
10 20 30 40 50 


SJ-Age at Onset 
Ave. age 30.7 yrs. 
Age on Admission 
Ave. age 33.4 yrs. 


That chronic nonspecific ulcerative colitic is a disease which first 
affects the lower portion of the colon is amply borne out by Table IV 
which shows the distribution of lesions. By proctoscopie examina- 
tion the rectum was found to be involved in 82 per cent of cases. 
There was narrowing of the rectum in 11 of these. No proctoscopie 
examination was done in 17 cases. By roentgenologic examination 
the majority of the lesions were found to be in or near the sigmoid 
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TABLE IV 


Portion of Bowel Involved 


A. Proctoscopic Examination 
Number of Cases 
20 40 60 80 100 


Rectum 
Narrowing 
Wo Exam. 


B. Roentgenologic Examination 
Number of Cases 
10 20 30 40 


Rectum 
Rectosigmoid 
Sigmoid 
Descending 
Splenic Flex. 
Transverse 
Hepatic Flex. 
Ascending 
Cecum 

Entire Colon 
Soasm 

Neg. Colon 
No Exam. 


colon, 36 per cent of the total number of patients having lesions in 
this region, while 55 per cent of those examined fluoroscopically were 
found to have the sigmoid involved. No change was found in the 
colon in 18 patients, and in 47 no colon fluoroscopy was done. 


TABLE V 


Bacteriology 


Number of Cases 
10 20 30 40 
B. Coli 


Gram+ Diplostrep. 
(Bargen) 

Hemo. B. Coli 

Hemo. Strep. 

Strep. Viridans 

Salmonella Morgani 

B. Proteus 

Gram+ Diplococci 

B. Alkaligenes 

15 other organisms 

"No significant 
organism" 

No cultural exam. 


Cultures as usual were nonspecific. In only 20 was the gram- 
positive diplostreptococcus of Bargen found. B. coli was many times 
reported alone, and in many other cases the report simply stated ‘‘no } 
significant organism.’’ Table V shows the multiplicity of organisms 
reported. 
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Of the medical measures used in treatment, emetine was the most 
favored being used in 54 cases (Table VI). Examination of the charts 
seemed to show that this was done more because of the possibility of an 


TABLE VI 


7 Medical Treatment 
; Number of Cases 
at 10 20 30 40 50 
Emetine 
Acriflavine 
Stovarsol 
Bis. Subdgallate 
Tannigen 
Vaccines 
Carbar sone 
AgNOz Ret. En. 
Powders alone 


Diet alone 
Chaparo Amargosa 


amebic infection than because of any real benefit to be derived in this 
particular condition. Acriflavin and bismuth subgallate in mucilage of 
acacia as retention enemas were extensively used and so far as could be 


deduced from progress notes were more efficacious than any other 
measures. Stovarsol and tannigen were used freely and vaccines were 
used on 16 patients of the series. 


Other writers on this subject have stressed the surgical management 
of this disease and in particular the value and rapid effectiveness of 
ileostomy (Table VII). This operation was performed 11 times in the 


TABLE VII 


SURGICAL TREATMENT 


Lleostomy 11 cases 
Lateral anastomosis 2 cases 
Colostomy (transverse colon) 2 cases 
Appendicostomy 2 cases 
Colectomy 1 case 
Resection of splenic flex. 1 case 
Blood transfusion 9 cases 


Seventeen, or 12.38%, had some form of operation for pre- 
venting passage of the fecal stream through diseased bowel. 


series. Two patients had colostomies in the transverse colon and 2 
others had appendicostomies. <A lateral anastomosis had to be made 
around an isolated lesion in the splenic flexure of the colon in 2 eases. 
In all, 12.3 per cent had some operation in which the fecal current 
was prevented from passing through diseased bowel. Blood trans- 
fusion has always been regarded as a beneficent measure, being most 
effective when used early in the disease before toxemia becomes 
marked. It was used in 9 cases in this series, usually several times 
in each. 
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A most interesting feature of this disease is the enormous number 
of complications it may lead to, many of which are of very bizarre 
nature (Table VIII). Rectal complications were the most common ; 

TABLE VIII 


COMPLICATIONS 


Rectal (fistula, abscess, etc.) 
Arthritis 

Strictures (rectum, transverse, and splenic colon) 
Polyps of rectum and colon 
Rectovaginal fistula 

Rupture of colon—peritonitis 
Abscesses—other than rectal 
Incontinence 

Pregnancy (abortion in 1) 
Lumbocolic fistula 
Bronchocolie fistula 

Osteo of vertebra and sacrum 


hemorrhoids, ulcer, abscess, fistula, or periproctitis occurring in 31 
cases. Rectal incontinence occurred in 2 others and rectovaginal 
fistula in 3. As has been cited, the rectal lumen was narrowed in 11 
cases, but actual stricture occurred in only 3 of these. Strictures 


occurred in the transverse and sigmoid colon in 2 other cases. In 4 
patients the hypertrophy of the islands of mucosa left by the infec- 
tion was sufficiently marked to be noted as polyposis of the colon and 
rectum. According to our records, only 8 patients of this series suf- 
fered from arthritis, although this disease is known to be one of the 
causes of very severe and persistent arthritis. 

Illustrating the more bizarre type of picture, these two instances 
may be cited. In one case, pericolic infection led to the formation of 
lumbocolie fistulas and ultimately to osteomyelitis of the lumbar ver- 
tebrae and sacrum. In another case, perforation of the colon in the 
region of the splenic flexure occurred fourteen years after the patient 
had had an ileostomy. This formed a subphrenic abscess which ulti- 
mately perforated the diaphragm and ruptured into a bronchus. In 
the process of making a definite diagnosis the patient was given a 
barium enema and in a few minutes coughed it up. A Mikuliez re- 
section of the splenic flexure with drainage of the abscess resulted in 
recovery. The patient is alive and in comparatively good health five 
years later. 

Of the 2 patients who had the coincidence of this disease and preg- 
naney, 1 delivered normally at term. The other had a sudden fulminat- 
ing and atypical onset of the disease in the sixth month of pregnancy. 
She had pyelitis also and was treated on this basis for some time. <A 
stillborn baby was delivered three weeks after the onset and two weeks 
later the patient died of peritonitis following the spontaneous rupture 
of the transverse colon. 


q 
i 
j 
| 


SURGERY 


Of the 11 hospital deaths which occurred in this series, necropsy was 
performed in 10 (Table IX). This constitutes a hospital death rate of 
8.1 per cent. Spontaneous rupture of the colon with peritonitis was 
the most common cause of death, occurring in 4 of these 11 patients. 
In only 1 of the patients was death due to peritonitis following the 
operation of ileostomy; and although 5 of these deaths occurred in 
patients who had had ileostomy, it must be pointed out clearly that 


TABLE IX 


ANALYSIS OF DEATHS 


Spontaneous rupture of colon with peritonitis 
Acute ulcerative endocarditis 
and with acute tuberculous infection 
Emaciation—bronchopneumonia 
Coronary thrombosis 
Septicemia—sourece unknown 
After nephrectomy for pyonephrosis 
No necropsy—4 days after ileostomy—probable peritonitis 


Total (8.1% of 138 cases) 


— 


death occurred in spite of the ileostomy and that the only result, except 
in the one doubtful case in which necropsy was not allowed, was benefit 
from the operation itself. Two deaths were due to acute ulcerative 
endocarditis following as a fulminating close to a prolonged wasting 
disease. In one of these there was also an acute rapidly spreading 
tuberculous infection. Another patient died of coronary thrombosis 
forty-eight hours after ileostomy. 


SUMMARY 


1. A series of 138 cases of chronic nonspecific ulcerative colitis, con- 
stituting a ten-year experience of the Prebyterian Hospital, is presented. 


2. This survey confirms the following points: (a) The great majority 
of cases occur in young adults; (b) the lesions predominate in the 
lower half of the colon; (¢) the bacteriology is nonspecific; and (d) 
medical and surgical measures do no more than slow the progress of 
the disease in the majority of cases. 


3. The complications of the disease are numerous, incapacitating, and 
frequently fatal. 
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THE OPERATIVE TREATMENT OF PILONIDAL SINUS 
Wirth EspectaL REFERENCE TO THE TYPE OF SUTURE MATERIAL AS A 
Factor IN RECURRENCE 
J. E. Dunpuy, M.D., Boston, Mass. 

(From the Surgical Service, Peter Bent Brigham Hospital) 


HE ideal treatment of a pilonidal sinus is complete excision and pri- 

mary closure of the wound. Unfortunately this procedure has not 
been followed by uniformly successful results and many surgeons have 
adopted some form of excision with open packing of the wound as the 
procedure of choice. Recently Rogers! has made a valuable contribu- 
tion to the treatment of pilonidal sinus by showing that, as a rule, 
recurrences are due not to incomplete, but to too extensive excision of 
the sinus tract and the surrounding tissue with the formation of a 
dead space, subsequent opening of the wound, and the development of a 
persistently infected sinus composed only of scar tissue. He has empha- 
sized the dangers of improperly injecting the sinus tract with methylene 
blue because if force is used the dye escapes into normal tissue and 
leads to an unnecessarily wide extirpation of normal fat. Rogers has 
adopted as the best form of treatment a narrow excision of the sinus 
using the actual cautery and packing the wound. 

Although Rogers’ method of treatment has the definite advantage of 
allowing the patient to be ambulatory and, in his hands, has given very 
satisfactory results, many surgeons will not be content with a method 
which gives an average healing period of 2.7 months. The occasional 
triumph of a successful primary closure impels the majority of surgeons 
to attempt it repeatedly despite the high percentage of failures. As an 
aid to more satisfactory primary closure, various operative procedures 
have been described? but, although the results have been good, at pres- 
ent the bulk of surgical opinion probably would favor secondary 
closure. 

A factor of considerable importance which has not received the at- 
tention it deserves is the type of suture material employed. Catgut in 
any form, but particularly the heavier grades of chromicized catgut, 
excites a marked inflammatory reaction in healthy tissue.* * If there is 
an element of infection present, this inflammatory response becomes in- 
tensified and inevitably results in spontaneous opening of the wound 
and discharge of the exudate. Any tendency to suppuration is increased 
by the presence of catgut. Silk, on the other hand, permits more kindly 
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wound healing. Even in the presence of infection a wound which has 
been sutured with silk may not suppurate. This superior resistance to 
infection of the wound which has been sutured with silk is a clinical ob- 
servation* ° which we have confirmed in the laboratory.°® 


On theoretical grounds, therefore, to leave large amounts of catgut in 
a wound which may be slightly infected and which is often sutured un- 
der tension is to invite inevitable disaster. This hypothesis is confirmed 
by the facts presented in Tables I and II. Table I shows the incidence 
of recurrence in sixty-three cases of pilonidal sinus which have been 
treated at the Peter Bent Brigham Hospital during the period from 
August, 1932, to July, 1936.* It is interesting to note (Table I) that 


TABLE I 


NO. OF PERCENTAGE 

RECURRENCES RECURRENCE 
Primary closure 45 10 22.2 
Wound packed open 18 5 27.6 
Total 63 15 23.3 


the recurrence rate for cases treated either by primary closure or by 
open packing of the wound is approximately the same. However, an 
examination of Table II reveals several noteworthy facts. The rate of 


TABLE IT 


NO. OF CASES IN 
SUTURE MATERIAL NO. OF WHICH WOUND NO. OF PERCENTAGE 
EMPLOYED CASES OPENED AFTER | RECURRENCES | RECURRENCE 
OPERATION 
Chromic Catgut No. 1 17 a3 6 35.2 
Chromie Catgut No. 1 5 2 1 20.0 
and 8. W.G. 
Chromic Catgut No. 00 11 4 2 18.1 
Chromic Catgut No. 00 2 ] 0 0.0 
and 8. W.G. 
Silk 6 0 1 16.0 
Silk and S. W. G. 2 0 0 0.0 
S. W. G. 2 0 0 0.0 


recurrence is almost directly proportional to the amount of catgut em- 
ployed in primary closure. Thus, in 17 cases in which heavy catgut was 
used as the only suture material, the wounds broke open postoperatively 
in 11 eases, and the lesion recurred in 6 cases, or 35.2 per cent. When 
the amount of heavy catgut necessary to close the wound was reduced 
by the use of stay sutures of silkworm gut, the rate of recurrence fell 
to 20 per cent. The use of fine catgut gave similar results, that is, in 4 
out of 11 eases the wounds broke open, and 2, or 18.1 per cent, recurred. 


*This period was selected because, due to the establishment of the Follow-Up-Clinic 
in 1932, accurate data were available on these patients and could not readily be 
obtained prior to that time. 
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When the amount of catgut was still further reduced by the use of 
silkworm-gut stay sutures to support the fine catgut, there was no recur- 
rences in 2 cases, but in 1 the wound broke open after operation. In 
10 cases no catgut was used and in all of these the wounds healed per 
primam. There was 1 recurrence, an incidence of 10 per cent. Of these 
10 cases, 6 were closed with fine silk only, 2 with silkworm gut only, 
and 2 with a combination of these two suture materials. The striking 
fact to be noted is that when the use of catgut was avoided all the wounds 
healed by primary intention. 

No single procedure should be adopted as a routine treatment for all 
eases of pilonidal sinus. If there is marked infection or widely dissect- 
ing sinus tracts, or if the lesion is cut across in the dissection, primary 
closure should not be attempted. If, before operation, primary closure 
seems to be contraindicated because of infection or widely dissecting 
sinus tracts, a narrow excision with the cautery, as recommended by 
Rogers, may be of value. However, in 8 cases in which we have em- 
ployed this method, our results have not been strikingly superior to 
simple excision with the scalpel and packing. In selected cases in which 
there is little or no evidence of infection, the patient is not obese and 
the sinus is a small one, primary closure may be attempted. In so doing 
one should avoid massive extirpation of normal tissue by making a nar- 
row excision of the sinus. After slight undermining of the wound edges 
and meticulous hemostasis, closure should be done with fine silk sup- 
ported if indicated by tension sutures of silkworm gut. Some surgeons 
will prefer to inject the sinus tract with methylene blue, but if this is 
done force must not be used because of the danger of extravasation of the 
dye into normal tissue. Moreover, as Rogers has emphasized, frequently 
the dye does not extend into all the ramifications of the sinus. The 
writer prefers to rely upon careful hemostasis and naked eye inspection 
of the tissues to determine the line of demareation. 

It may be argued that the use of silk is contraindicated in a wound 
which may become infected. Provided that fine silk sutures are used, 
the sutures are cut close to the knot, and no continuous sutures are em- 
ployed, there is no danger of silk forming a nidus of persistent infection. 
Fine silk may, in the face of infection, be discharged from the wound, 
but more commonly it becomes encapsulated in a wall of mononuclear 
cells and fibroblasts permitting ideal healing about it. Those who ob- 
ject to the use of silk should use stay sutures of silkworm gut only, if 
primary healing of a pilonidal sinus is to be expected. 


SUMMARY 


No single procedure should be adopted as suitable for all cases of 
pilonidal sinus. In selected instances primary closure may be attempted. 
In these cases, the use of catgut as a suture material is contraindicated. 
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AN EVALUATION OF STERILITY INDICATORS 


Cart W. Water, M.D., Boston, Mass. 


(From the Laboratory for Surgical Research, Harvard Medical School, and the Sur- 
gical Clinic of the Peter Bent Brigham Hospital) 


HE use of saturated steam as the chief agent in the sterilization 
of surgical supplies has been accepted universally. Various ‘‘con- 
trols’? have been devised to expose mechanical failure of the sterilizing 
equipment; faulty operation of the sterilizers by poorly trained or 
hurried attendants; improper loading, which prevents penetration by 
steam; or inaccurate timing of the exposure of the load to saturated 
steam. In the majority of hospitals some form of ‘‘telltale’’ indicator 
is relied upon to provide a check, not only upon the degree of heat to 
which the load has been exposed, but also to determine the minimum 
duration of that exposure. The use of such indicators has introduced 
another potential human error into sterilization since attendants must 
be trusted to locate the indicators properly and to interpret them cor- 
rectly. A study of the characteristics of the various indicators reveals 
discrepancies in performance which renders their use as a check on 
sterilization of dubious value. 

A brief survey revealed that the location of telltale indicators was 
a haphazard procedure even after attempts at standardization had 
been made. Unless the indicators are inserted in the densest part of 
each bundle, no significance can be attached to the result, because the 
care with which a sterilizer is loaded determines the rate of penetration 
by steam. Thus, an indicator in one bundle may indicate sterility while 
the temperature of the more densely packed part of the load fails to 
reach a sterilizing level. Mechanical difficulties obviously prevent the 
routine removal of indicators located in the most tightly packed portion 
of a bundle by the sterilizer attendant. Accordingly, the ultimate user 
of the bundle must be relied upon to interpret the indicator properly. 
The poor end-points developed by the controls make such interpretation 
valueless. Further evaluation of the indicators does not justify the cost 
of using them in every bundle. 

Purple glass beads were substituted for the thermosensitive pink bead 
in twenty-five indicators. These were distributed throughout three gross 
of unused controls. The fact that but one purple bead was detected 
demonstrates how great the personal factor can become when individuals 
are lulled into a sense of security by an apparently successful routine. 

One thousand of each of the most widely used controls were investi- 
gated in order to evaluate their intrinsic merits. Three technicians each 
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tested approximately one-third of the controls in a well-illuminated glass 
steam chamber (Fig. 1) where the control was clearly visible through- 
out the test period. Thus, the end-point could be determined accurately 
in the presence of saturated steam under pressure. Adequate sized 
steam inlet and exhaust valves permitted rapid rise and fall in tem- 
perature and a recording potentiometer* provided a printed record of 
the time and temperature relationships also observed independently by 


Steam 
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Fig. 1.—The glass steam chamber in which indicators could be tested under direct 
vision in the presence of saturated steam under pressure. A typical time-temperature 
curve taken by the recording potentiometer. The time interval used is that indicated 
between B and C. The interval between A and B was less than ten seconds. 


means of a stop watch and steam pressure gauge. The indicators were 
purchased on the open market at intervals during the past two years 
and were tested singly or in pairs, as well as in triads made up of one 
control of each type. 

A study of the melting point of the pink bead type of control (Diack) 
not only revealed marked discrepancies between individual controls but 


*Leeds & Northrup Company, Micromax No. Spec. 277163. 
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also with earlier published’? and advertised claims. The end-point of 
this control (a change in shape) was clear, but it developed equally 
well in dry or moist heat. The majority of the beads melted in one min- 
ute, or less, when exposed to saturated steam at customary sterilizing 
temperatures (Fig. 2). A number showed a melting point delayed 
sufficiently to cause undue waste in sterilization if a load were re- 
sterilized under the erroneous assumption that the unmelted bead in- 
dicated failure of sterilization. 

Observations on the matching of the color of the bulb of printed 
replica of a thermometer (Sterilometer) which changes color after brief 
contact with steam, with the delayed production of color in the column, 


TING POINT OF RED BEAD 
SATURATED 
POINT 


| | | 


i 
=. 


+ 


Minutes 

Fig. 2.—The melting time of 1,000 controls when exposed to saturated steam at 
various temperatures. The majority melted in less than the advertised time. The 


end-point, melting of the pink pellet, is clear. The pellet becomes transparent and 
assumes the shape of its encasing glass tube. 


were difficult because of the exceedingly poor end-point. Even the 
latest type of this control showed a gradual development of color which 
began early and progressed to a point where further darkening, due to 
the formation of lead sulphide, could not be judged. The control was 
but slightly affected by dry heat. The majority showed complete color 
change in less than six minutes and the average changed well below the 
advertised and published*:* claims (Fig. 3). There were a sufficient 
number of delayed matchings to cause frequent needless sterilization. 
Investigation of the disappearance time of a lavender arrow (Aseptic 
thermoindicator) of chromium sesquichloride and the blending of its 
green isomer into a green background was made difficult by a poor end- 
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This telltale was the most consistent performer of the three, but there 
were a sufficient number of delayed changes to confuse attendants and 
to cause unnecessary resterilization. 


The expense of certifying sterilization by telltale indicators, costing 
approximately two cents each, is not justified because of the disparity 
in individual performance in the commercial supply of each type of con- 
trol. The large personal equation involved in the proper location and 
interpretation of this type of sterility indicator renders their use as ¢ 
check on routine sterilization of dubious value for general hospital 
practice. 
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INTRAVENOUS ADMINISTRATION OF FLUIDS 
INCLUDING BLOOD TRANSFUSION 


Joun 8. Lunpy, M.D., anp E. Ostrerserc, Pu.D., 
RocHEstTer, MINN. 


(From the Section on Anesthesia, the Mayo Clinic, and the Division of 
Biochemistry, the Mayo Foundation) 


T IS almost two hundred and seventy years since Pepys, in his diary, 

described intravenous medication as a very interesting experimental 
procedure. The first really practical use of intravenous medication by 
means of saline infusions took place during an extensive epidemic of 
Asiatic cholera in Europe. This form of treatment was suggested as 
a result of the observations by chemists that the blood in cases of 
malignant cholera was « ficient in saline material. It was noted at 
this time that saline infusions supplied the deficient saline material 
and that the condition of the patient improved dramatically as a result 
of this type of treatment. It was also noted that symptoms recurred 
as soon as the saline content of the blood became deficient. The pos- 
sibilities of intravenous medication were clearly recognized when 
Harvey’s demonstration of the circulation of the blood became gen- 
erally known. This observation had a stimulating influence on scien- 
tists and physicians in general and led to the first direct transfusion 
of blood from one animal to another. 

Through the years, intravenous administration of fluids has become 
an increasingly important and valuable adjunct to other therapeutic 
measures. However, it should not replace older and more simple 
methods of administration of drugs and should be substituted only when 
the latter methods are inadequate or are impossible to employ because 
of disease. 

One might list the following objectives of intravenous therapy: 
(1) to replace loss of blood or fluid, (2) to overcome dehydration of 
tissues, (3) to produce dehydration in certain instances, and (4) to aid 
chemotherapeutic procedures. 

A few facts of prime importance in connection with the physiologic 
aspects of intravenous injection should be considered carefully by 
physicians when recommending this method of administering thera- 
peutic agents. Whatever may be the mechanism for controlling the 
volume of circulating fluid and the total fluid of the body, it is a very 
delicate one and depends on many factors, as evidenced by the fol- 
lowing facts: (1) The plasma-corpuscle relationship remains fairly 
constant regardless of ingestion or excretion of fluid. Maintenance 
of this relationship is necessary for an efficient circulation. (2) The 
number of corpuscles remains constant under the same oxygen tension. 
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This is necessary because a constant relationship between oxygen- 
carrying capacity and oxygen utilization must be maintained. (3) In 
general, urinary secretion is in direct proportion to ingestion of fluid. 
Recognition of this fact is essential because the kidney can funetion 
only by means of a fluid medium. (4) The relationship between the 
amount of fluid in the cell and the fluid surrounding the cell is main- 
tained. (5) Various constituents of the blood, which are absolutely 
essential in the bodily economy, and for which blood is the transporta- 
tion system, of necessity have a very limited range of concentration. 
Blood sugar is an example. 

When an intravenous injection is given, apart from the substance 
injected, physiologic compensations immediately take place in order 
that the relationships between the constituents of the blood may re- 
main constant. Many other factors not mentioned are involved; for 
example, almost instantaneous compensations occur on the part of 
the heart and vasomotor system in order to take care of the increased 
volume of fluid without greatly changing the blood pressure. Fortu- 
nately, the normal body is able to effect these various compensations 
quickly and perfectly. There is no doubt, however, that there are 
many pathologic states in which such a compensation in all these 
phases cannot be made quickly enough to maintain the proper balance. 

The important points in the process of intravenous injection are: 
(1) The proper chemically pure substances should be procured from 
a reliable source. (2) Pure, sterile water should be employed. (3) 
Since the strength of the solution depends on the purpose of its ad- 
ministration, hypotonic or markedly hypertonic solutions generally 
should not be administered unless it is desired to obtain the dehydrat- 
ing effect of hypertonic solutions for a specific purpose. (4) Clean, 
sterile apparatus should be used and proper precautions should be 
taken to prevent toxic material from coming in contact with the 
apparatus. (5) Both the solution and the apparatus should be thor- 
oughly sterilized. (6) The rate of injection should be controlled since 
this is important in connection with the proper physiologic compensa- 
tions (this is shown by the foregoing enumeration of the various 
mechanisms disturbed by intravenous injection). 

Normally, the quantity of blood bears rather a definite relation to 
body weight. The weight of the blood is approximately 7 per cent, 
or a fourteenth, of the body weight. As has been mentioned, it nor- 
mally is difficult to increase or decrease the volume of the blood for 
any length of time because of the interchanging mechanism of the 
body. Any excess of fluid is rapidly taken care of by the excretory 
mechanism and, conversely, fluid deficiencies are rapidly compensated 
for by filtration of fluids from the tissues into the capillary bed. This 
readjustment is rapid and effective. It may be assumed that the blood 
contains approximately 23 per cent of solids. Those solids of most 


x 
| 
| 


592 SURGERY 


importance which may be administered parenterally are sodium chlo- 
ride, dextrose, acacia, and the various alkalizing agents which combat 
acidosis. The solid content of the blood, and, particularly the saline 
content, is an important governing factor in the interchange of fluids 
between the cellular tissues and the blood stream. Intravenous injec- 
tions of a solution tend to encourage a retention of the solution in the 
blood stream, thereby increasing the blood volume, particularly if the 
blood volume is less than normal. 

It must not be inferred, however, that the maintenance of blood 
volume is the prime and only indication for parenteral administration 
of fluid. Under conditions such as the circulatory reactions resulting 
in toxemias, shock, or systemic infections, this type of therapy is useful. 
It can also be used preoperatively and postoperatively to reduce 
surgical risk and to act as a supportive measure following surgical 
procedures. 

Fantus has recorded the following conclusions regarding the intra- 
venous administration of dextrose during various clinical conditions: 

1, In all very sick patients an adequate income of water, sodium chloride and 
dextrose should be taken care of as a routine procedure before rather than after 
a high degree of deficiency has occurred. 

2. This, in cases in which adequate oral administration is impossible, can 
generally best be accomplished by dextrose phleboelysis, the composition of which 
should be determined by the individual indications present. 

3. For combating hypohydration and for the relief of thirst, 5 per cent dextrose 
solution in distilled water seems preferable. 

4. Whenever salt starvation is threatened or present, dextrose-saline phleboclysis 
should be practiced. 

5. Whenever carbohydrate cannot be ingested or digested to a sufficient degree, 
10 per cent dextrose phleboclysis should be resorted to. 

6. In poisoning with diffusible poisons, the diuretic and possible liver protective 
action of dextrose phleboclysis adds itself to the foregoing therapeutic values. 

7. Concentrated (25 per cent) dextrose solution may be of value in certain 
internal hemorrhages, in inflammatory and exudative pulmonary edema, to lessen 
intracranial pressure (unless there is cerebral hemorrhage) and possibly in myocardial 
weakness. 

8. During phleboclysis, other remedies may be conveniently infused; that is, 
antiserums, epinephrine, insulin, iodide, sedatives and stimulants. 


Acacia is administered in the presence of shock, whether surgical 
or not, in the same way that blood is administered and is used as a 
substitute for blood when the condition of the patient is not critical 
enough to require blood. It is used until blood can be obtained. It 
must not be mixed with blood in the device through which it is ad- 
ministered, as it will cause the blood to clot in the buret, tube, and 
needle; therefore, if blood transfusion is to be followed by the ad- 
ministration of acacia, the blood must be washed out, or if the admin- 
istration of acacia is to be followed by blood transfusion, the acacia 
must be flushed out of the apparatus. The amount of acacia usually 
given at one time is 450 ¢.c. of a 6 per cent solution in a 0.9 per cent 
solution of sodium chloride. 
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The use of citrated blood in transfusion, rather than the direct 
method of transfusion, will be considered, because we do not use the 
latter except in an occasional case in which it has been especially 
ordered. 

Two types of donors are used: the professional and the nonprofes- 
sional. The professional donors are classified as to groups according 
to both the Moss and the Landsteiner classifications. The flocculation 
test is applied; the donor is given a good physical examination; the 
blood count and the estimation of the value for the hemoglobin are 
made; and the results are checked from time to time, and a specimen 
of blood is saved at the time of each donation for further flocculation 
tests. The professional donors are used about once in two months. 

The blood is drawn and citrated in the transfusion room or operat- 
ing room. The arm is surgically prepared. A needle of from 13 to 
15 gauge is used and to it is attached 10 inches (25.4 em.) of specially 
processed rubber tubing that has a relatively narrow lumen through 
which the blood will run rapidly. By speeding the flow of blood, there 
is less likelihood of its clotting. Where the needle used tends to oec- 
cupy almost all the lumen of the vein, the needle should be introduced 
so that it points in the opposite direction to the flow of blood in the 
vein. Where the veins are large, it makes no difference whether the 
needle is introduced with or against the stream of venous blood, except 


in drawing polyeythemie blood, in which case the needle is pointed 
opposite to the direction of the flow. 


The blood is allowed to run into a graduate containing 50 e.e. of 
physiologic saline solution and 18 grains (1.2 gm.) of sodium citrate. 
This solution is agitated with a stirring rod while the blood is mixed 
with it. Citrated blood may be carried in the graduate to the place 
of transfusion or it may be poured into a bottle or container and kept 
in an icebox for as long as ten or twelve days, when it can be warmed 
to body temperature and used. 

In drawing blood from donors, we sometimes have had difficulty be- 
cause they tend to faint if they become excited, and their blood pres- 
sure falls so that the blood begins to drip instead of flowing in a stream. 
Under such circumstances, it may be necessary to add another 18 
erains (1.2 em.) of sodium citrate, for blood that comes slowly 
from the donor is very likely to clot, while that which flows in a steady 
stream usually does not. The desirable thing, of course, is to mix the 
blood with the citrate solution as quickly as possible after it leaves the 
vein and enters the needle. The intravenous injection of 25 me. of 
ephedrine will usually restore the donor’s blood pressure to the level 
at which the blood may be collected. 

Certain large, robust, husky men ean donate 750 to 1,000 ¢.c. of 
blood at one time. The average man who is not a professional donor 
could give 500 ¢.c. of blood twice in one week if no more blood would 
be required of him for at least two weeks. If he is a professional 
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donor, he should not donate again for a month or two. Small indi- 
viduals, such as a young woman of twenty years of age who weighs 
100 pounds (45.4 kg.) or less, usually feel faint after the withdrawal 
of 500 ¢.c. of blood. The quality of the blood is good, but the effort 
of such donation is not always advisable for the donor. 

In selecting donors, one of the requisites is that they have good 
veins for venipuncture. All professional donors are examined from 
this point of view and are classified as to whether their veins are 
excellent, good, fair, or poor. Only group 4 donors with excellent 
veins are called in emergencies, 

The needle chosen must be one which certainly will enter the lumen 
of the vein (Fig. 1). If the needle is estimated to be almost the size 
of the lumen, then the bevel should be turned down as has been illus- 
trated (Figs. 2 and 3). If the needle is smaller, it makes no difference 
which way the bevel is introduced through the skin or venous wall. 


Fig. 1.—Satisfactory proportion and relation of the lumen of the needle to the lumen 
of the vein, regardless of whether the bevel is turned up or down. 


Where small caliber needles are used, such as 20 gauge or less because 
the only available vein is too small for an 18 gauge needle, which 
is usually used for the transfusion, one must elevate the buret to allow 
a sufficient force of gravity to aid in the flow. A hand roller may also 
be used to hurry the blood through the needle. 


Veins are available in several parts of the body. The veins of the 
arms and legs and the external jugular veins of the neck are those 
most readily available. 

The technic of administering citrated blood does not vary particu- 
larly from that of administering physiologic saline solution and a 
solution of dextrose, except that some one should time the rate of flow 
of the blood and limit it to 15 ¢.c. or less per minute, and if the patient 
complains of distress, the administration should be stopped, at least 
until the patient’s condition improves, and then if it is reeommenced, 
the rate must be slower than before. On the other hand, intravenous 
solutions which are usually of larger volume than 500 e.c. should be 
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given slowly by means of a Murphy drip device, at the rate of about 
75 drops per minute. Blood also may be administered in this way, 
but it usually is not, except when massive transfusion is used (1,000 ¢.e.). 


Fig. 2.—A, When a large needle is to be introduced into a relatively small vein, a 
hematoma may form if the bevel of the needle is turned up; B, a relatively large 
needle may be introduced into a relatively small vein if the bevel is turned down. 


¢-TOURNIQUET 


~ 


Fig. 3.—A, With the tourniquet in place and the vein dilated, a relatively large 
needle may be inserted into what was a relatively small vein; B, when the tourniquet 
is released and the vein tends to collapse and occlude the lumen of the needle, the 
needle may function unsatisfactorily, if at all; C, without the tourniquet to dilate the 
vein, readjustment of the needle blindly (B) often results in perforation of the wall 
of the vein and formation of a hematoma. 


Certain untoward symptoms may appear, the most bizarre of which 
is urticaria. This condition is treated by a hypodermic injection of 
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epinephrine. The most serious complication to guard against in the 
transfusion, obviously, is the clotting of the donor’s corpuscles by the 
recipient’s serum. In a few eases, it will be found that cross matching 
is necessary. In other words, more than one donor whose blood be- 
longs to the same group as that of the patient may be tried, but the 
reaction of high fever, chills, and rapid pulse indicates that the patient 
cannot tolerate more than a small quantity of this blood. Untoward 
results may be avoided if the transfusion is stopped immediately on 
complaint of symptoms of distress by the patient. Occasionally, the 
onset of symptoms is delayed, and in such cases they usually are not 
necessarily dangerous, although they may be distressing and undesirable. 

We have seen a patient for whom we were unable to find a suitable 
donor on the basis of cross matching. This patient was a man who was 
suffering from severe toxemia as a result of infection. Finally, blood 
was taken from the patient, divided into plasma and serum, and ex- 
amined. It was found that the patient’s serum would agglutinate his 
own corpuscles. Attempts at transfusion were always associated with 
untoward reactions and efforts at transfusion were discontinued. Sub- 
sequently, we saw another patient for whom we could find no donor 
on the basis of cross matching, even when the blood of the donor be- 
longed to the same group as that of the patient. In this case, severe 
attacks, characterized by rise in temperature, increase in heart rate, 
dyspnea, and excitement, would develop after transfusion. These reac- 
tions were delayed, and the administration of doses smaller than 500 
e.c. namely, 100 ¢.¢., was tried, but the same type of reaction devel- 
oped although to a lesser degree. At the suggestion of the hematolo- 
gists, blood was administered intramuscularly, and although soreness 
was present at the sites of injection, there were no other untoward 
reactions to the blood, and the value for the hemoglobin, which had 
been 35 per cent before the transfusion, increased markedly and con- 
ditions improved to such an extent that she needed no further trans- 
fusions. She had been suffering from gastric hemorrhages. 


An unusual reaction that is seldom noted is apparently a marked 
distortion of the biceps brachii muscles so that it would appear that 
the blood which is being injected into the median basilie vein was 
being given extravenously and causing a hematoma. This condition 
resembles a marked contraction of the biceps muscle so that it stands 
out prominently. It disappears a few hours after the transfusion. It 
does not leave any residual signs such as tenderness or discoloration ; 
therefore, we think it is probably a contraction of the muscle and 
nothing more. 

In some chronic conditions, it has seemed to us that there was some 
advantage in drawing 500 ¢.c. of blood at one time and administering 
it in divided doses rather than in a single dose of 500 ¢.c. Obviously, 
in cases in which conditions of shock exist or hemorrhage has depleted 
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the blood supply, the administration of 500 ¢.c. of blood is a better 
procedure. The question of using special donors for immunotransfu- 
sions and the like has not been sufficiently developed so that we need 
consider it as yet. 

Small children and babies often are benefited by transfusion, but 
if difficulties are present, we suggest that blood be given intramuscu- 
larly. Most children two years old and younger will tolerate 75 to 
100 ¢.c. of blood; those from three to four years of age will tolerate 
200 ¢.c.; children five and six years old, 250 ¢.c.; those eight to ten 
years of age, 300 ¢.c.; children ten to fifteen years of age, 400 ¢.c.; 
and those fifteen years old and older will tolerate as much as 500 ©.c. 
of blood, unless they are small and underdeveloped. In some instances 
in which transfusion must be administered repeatedly to adults, 1,000 
to 1,500 ¢.c. of blood has been administered if operative loss of blood 
was great and operative shock was present. 

Data which disclosed the relative frequency of reactions of different 
degrees in cases in which donors of various groups have been used on 
recipients of various groups have been reported previously. One un- 
usual reaction occurred in a case in which 500 ¢.c. of group 3 blood 
was administered to a patient whose blood belonged to group 2. A 
mother and her daughter were the recipient and the donor respectively. 
The blood was administered at the rate of 15 ¢.c. per minute, and the 
patient’s temperature went up to 101° F., where it remained for thirty 
minutes and then went down again, with no other untoward reaction. 
There have been recorded in medical literature several instances in 
which such blood has been administered without severe reactions, but 
ordinarily not more than 200 to 300 ¢.c. of blood was used. However, 
in this case, 500 ¢.c. was administered. Such instances are hard to 
explain. 

In connection with blood transfusions, we have noted with con- 
siderable interest that patients who received transfusions while they 
were on the operating table and were under a general anesthetic did 
not show signs of untoward reactions. On the basis of this fact, when 
we have administered transfusions to small children we have used 
pentobarbital sodium (nembutal) in order to keep them quiet so that 
they would not cry or fuss. In these instances, we have not seen un- 
toward reactions. We have tried to employ this procedure in cases 
in which the patients are nervous adults, especially hysterical women 
who show the same reaction to the administration of physiologic saline 
solution and solutions of dextrose as they do to blood transfusions, 
and who show these signs of reaction whenever the needle is introduced 
into the vein, even though the solution is not permitted to enter the 
vein. 
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DIVERTICULUM OF THE LARYNX 


Harry H. Kerr, M.D., C.M., Aanp THomaAs Brap.ey, M.D., 
WasHIneton, D. C. 


FLORID, stockily built English houseman, forty-five years of 

age, presented himself October 5, 1936, complaining of a painless 
swelling in the left side of the neck just below the jaw which he v, ..ned 
removed for cosmetic purposes only. This had been first noticed ten 
years previously, at which time it was about the size of a large grape. 
A dry eough which appeared at the same time had persisted up until the 
present. The swelling gradually enlarged until it became the size of a 
plum and then disappeared spontaneously. The patient was unaware 
of the disappearance until he shaved in the morning, at which time he 
examined the region carefully but could detect no trace of the enlarge- 
ment. About three weeks later the swelling recurred at the same site 
and was of the same size as it had been when it disappeared. The 
swelling then enlarged slowly to the size of a lemon at the time of 
examination. 

The family history and past history were irrelevant, except that 
the patient had developed an inguinal hernia while doing heavy manual 
labor in a steel plant. This had been successfully repaired. During 
childhood he had practiced on a bugle, but he had noticed no swelling 
at that time. 

Physical examination revealed the following: Retinal arteriolar 
sclerosis without hemorrhages or exudate. Blood pressure 200/120 in 
both arms. Apparently adequate renal function and the sear of a sue- 
cessful herniorrhaphy. 

On the left side of the neck in the anterior cervical triangle there was 
a tense fluctuant mass about the size of a lemon, firmly attached to the 
deeper tissues. The skin moved readily over the surface and there was no 
induration or other evidence of inflammatory reaction about its borders. 
The swelling was situated below the angle of the jaw, extended nearly 
to the midline anteriorly, and was limited by the sternomastoid muscle 
posteriorly. Inferiorly it extended just below the level of the cricoid 
cartilage. The tumor was not tender, could not be moved, and was not 
compressible. 

This tumor was thought to be a branchial cleft cyst, and on October 
10, 1936, the tumor was attacked surgically, using avertin and ethylene 
anesthesia. An incision about six centimeters in length, following the 
erease of the skin from below the angle of the jaw and extending 
anteriorly and inferiorly, was made. A rather thick platysma muscle 
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was divided and just beneath the deep cervical fascia a cyst presented 
anterior to the sternomastoid, inferior to the posterior belly and tendon 
of the digastric muscle, and posterior to the thyrohyoid musculature 
(Fig. 1). The upper margin of the cyst was jammed against the 
greater cornu of the hyoid bone and care was necessary to prevent 
rupture. On handling the cyst with instruments, a resonant note was 
elicited, which called attention for the first time to the fact that the cyst 
contained gas. The cyst was carefully freed and removed without rup- 
ture. On freeing the inner portion, a small pedicle remained which 
was divided without applying clamps, and strangely enough the gaseous 
sae did not collapse. This pedicle was attached to the thyrohyoid mem- 


Fig. 1.—Cyst as seen at operation (diagrammatic). 


brane, and after severance a small amount of air was sucked into the 
larynx from the depth of the incision. 

This was controlled with a single suture of plain catgut and the 
incision closed in layers without drainage. Aspiration of the throat 
immediately after the sucking of air revealed no blood in the pharynx. 
The patient had an uneventful convalescence and there has been no 
recurrence of the swelling up to the present time. The cyst was 
photographed while floating on water (Fig. 2) and then ruptured be- 
neath an inverted fruit jar containing water to collect the contents. 
This was analyzed by Raymond Wales, of the Washington Gas Light 
Company, who reported that the gas was air with traces of combustible 
impurities in it. 
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Paraffin sections of the wall of the cyst were examined by J. W. 
Lindsay, who reported: Cyst (filled with air) from the neck. Paraffin 
section showed the wall to be made up of laminated bands containing 
particularly in the outer layer a number of blood vessels. There is a 
lining of cells, in some places completely flattened, in others more nearly 
cuboidal. A relatively large space, completely lined by such cells, is 
noted separate from the main cyst cavity. Smaller spaces, similarly 
lined, and cords of cells of similar type, suggesting possibly obliterated 
or not completely developed spaces, are seen. The lining cells are 
epithelial. Diagnosis: Cyst, benign. 

A search of the literature was then made to determine what this cyst 
might be, and A. B. K. Watkins’ article in the Australian and New 
Zealand Journal of Surgery gave the clue that it was probably a true 


Fig. 2.—Cyst floating on water, unruptured, immediately postoperative. 


laryngeal diverticulum arising from the ventricular appendix of the 
larynx. The patient was next examined by Dr. William Jenkins, who 
found edema over the left arytenoid cartilage but practically normal 
movement. Just above the true vocal cord in the anterior aspect of the 
left side there was an area of granulation tissue suggesting recent 
trauma. As this was the site of the attachment of the eyst, the diagnosis 
was thought to be established. 

In view of the rarity of the condition, a study of the anatomy and em- 
bryology and a survey of the literature were made. From these it seemed 
probable that we were dealing with an atavistic structure similar to those 
occurring normally in the great apes. Through the courtesy of Dr. 
Gerrit Miller, of the Smithsonian Institution, the larynx of a Siamang 
gibbon was dissected and the structures encountered were photographed 
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(Figs. 3 and 4). A large single elastic sae was found which extended 
from the symphysis of the mandible to the parotid glands laterally 
and inferiorly to a point about two-thirds of the distance from the 
criecoid cartilage to the suprasternal notch. This sae was connected 
with the main eavity of the larynx by well-defined bilateral ventricles 
in the thyroarytenoid fold. When collapsed the skin over the sae was 
wrinkled and contracted by subcutaneous muscle fibers. The sae was 
capable of enormous distention when air was applied under pressure. 
This distention occurs only when the animal howls. Embryologieally 
the sae arises as a diverticulum and meets ventrally, but in the gibbon 
no trace of a septum could be found. 


Early in the third week of human fetal life, a small sagittal ventro- 
medial cleft or fissure appears in the floor of the pharynx between the 
sixth pharyngeal arches. At five millimeters, the pharyngeal pouches 
form well-defined diverticula between their corresponding branchial 
arches. Since the sixth arches meet ventrally in front of and behind 
the laryngeal fissure, all portions of the margins of the original cleft must 
be derived from this arch. 


During the early part of the third week the cleft is potential, but it is 
soon displaced cephalad between the fourth arches, owing to the more 
rapid rate of growth of the lateral pharyngeal wall as compared to its 
floor. In the third week of embryonal life, the fissure lies flat upon the 
floor of the foregut, but a gradual tilting occurs from the forward 
growth of lateral masses of tissue, which gradually overlap a central 
mass of tissue anteriorly, converting the cavity of the larynx into a T- 
shaped opening with its transverse portion situated anteriorly. 

The arytenoid and ericoid cartilages are derived from lateral masses 
developed from the sixth arches. The thyroid cartilage originates from 
lateral condensation of cells in masses which are at the end of the first 
month situated immediately anterior and slightly vertical to the fourth 
pouches and elefts. By the sixth week the thyroid anlage is directly 
continuous with that of the great cornu of the hyoid bone. 


The true voeal cord is formed in the sixth week of fetal life from 
the chordal nodule which results from condensation of cells in the 
arytenocricoid angle and is attached to the ala of the thyroid cartilage. 
Separation of the tips of the arytenoid cartilages stretches the membran- 
ous parts of the glottal margins of the orifice to form the thyroarytenoid 
folds, which are in their turn divided in two by the appearance in the 
latter part of the second month of the laryngeal ventricle, a hollow 
projection with an expanded fundus issuing from the transverse cavity 
of the larynx just above the chordal nodule. 

The laryngeal saccule or appendix develops as an additional outgrowth 
from the anterior portion of the ventricle. This saccule becomes large 
relatively early in man. By the sixth year the ventricle has broadened 
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and deepened, while the saccule or appendix has lagged behind. By the 
ninth year the adult structure, that is, a cenparatively large ventricle 
with an almost rudimentary appendix, is attained. 

Negus regards the laryngeal saccule or appendix in man as a de- 
generated remnant of the large rebreathing bags observed in certain 
animals, particularly orangoutangs, chimpanzees, and gibbons. 

Diverticulum of the larynx was for a long time variously, but 
erroneously, entitled by ancient and modern authors who described 


Figs. 3 and 4.—-Dissection of the vertical sac of the larynx of the siamang gibbon: 
A, sac distended with cotton; B, bilateral openings of the sac into the larynx; 
C, pharynx; D, mandible; FE, sternomastoid muscle with the fascia partially removed ; 
F, trachea divided and laid open, somewhat posteriorly; G, thyroid cartilage; H, 
cricoid cartilage; J, reflected skin and fascia; J, tracheal rings. 


it, bronchocele, goiter, tracheocele, thyreocele, aerocele, and aerial 
bronchocele. To cite only two illustrations of the almost universal mis- 
conception which prevailed until well into the nineteenth century, 
the bronchocele or hernia of the anterior cervical region referred to by 
Galen and his disciples bore no relation to cystic goiter in the currently 
accepted sense, but apparently was a form of what Virchow later 
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denominated more accurately ventricular laryngocele. Again, the 
term aerocele or aerial bronchocele employed by other early writers 
evidently applied to tumors of the thyroid region which varied in size 
during respiration and contained no air but only mucus or muco- 
purulent matter. However, Albucasis, a celebrated Arabie physician 
of the eleventh century, spoke of a hernia or bronchocele of the anterior 


Fig. 4.—See opposite page for legend. 


portion of the neck which was sometimes filled with air and could be 
remedied by friction or compression. He advised against incision or 
ablation for the reason that the tumor recurred and frequently sup- 


purated as a result. 

Credit for the original description of true diverticula of the larynx 
is generally attributed to the elder Larrey, surgeon in chief of Napoleon’s 
Grand Army, who while on a military expedition to Egypt in 1829 
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observed them in certain blind Moslems engaged by the chief priests 
to ery the verses of the Koran from the minarets of mosques through- 
out the day and night, and to call the hours appointed for the perform- 
ance of religious and other duties. With long usage, submaxillary swell- 
ings developed and during phonation were distended with air. In time 
these tumefactions became so voluminous as to require a high stiff collar 
for support, and ultimately obliged their victims to seek another occupa- 
tion. Larrey assumed an analogy between these diverticula and the 
submaxillary pouches in apes which serve for the concealment or storage 
of food. On his return to France, Larrey noted a similar anomaly in two 
petty officers who had served ‘or many years as drillmasters and were 
accustomed to utter commands in a loud voice. These individuals 
presented in the laryngeal region compressible air tumors, bilateral in 
one, which interfered with phonation. While called goiters by Larrey, it 
is probable that the tumors were like those remarked in the criers from 
the mosques, true laryngoceles. 

The earliest anatomic description of actual diverticula of the larynx 
was contributed in 1865 by Bennett, who while dissecting over the 
thyrohyoid membrane of a male cadaver discovered a cystic structure 
which was opened accidentally on one side. A probe passed downward 
through the opening readily entered the larynx. <A similar sae was 
found on the opposite side. Bennett pointed out that in their position, 
shape, and size these fully developed pouches resembled exactly the 
lateral laryngeal pouches in the higher quadrumana. He regarded the 
sacculus laryngis of Hilton as the rudiment of these pouches in man. 

In 1869, Gruber encountered in a male cadaver similar bilateral extra- 
laryngeal ventricular sacs, which he declared analogous to the sacs 
found by other comparative anatomists in young gorillas and orang- 
outangs. 

Meyer published, in 1902, a detailed account of his exhaustive study 
of the laryngeal apparatus of the howling monkey (of the genus 
Myeetes), and thus laid the foundation for the hypothesis to the effect 
that diverticulum of the larynx as observed by Larrey and others in the 
human subject was the analogue of the extralaryngeal extension of the 
ventricle in this animal. 

Skorodielova examined sixty larynxes and found ten appendices which 
reached the middle of the thyrohyoid membrane and a few reaching as 
high as the level of the epiglottis. In a similar study of fifty newborn 
babies, all were found to have appendices, and of these, twenty-five 
reached the epiglottis. 


Levinstein presented a description of the histology of the ventricular 
appendix of the larynx in 1909. He stated that the appendix is lined 
with cylindrical ciliated epithelium, and that the walls consist of con- 
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centric layers of connective tissue in which lymphocytes are present, 
these being occasionally grouped into follicles. Mucous glands were 
found in the subepithelial tissues. 

In very infrequent instances cystic dilatation of the ventricular ap- 
pendix has resulted in the formation of true diverticula which ecom- 
municate with the interior of the larynx by way of the appendix. 
In their admirable monograph on the subject published in 1915, Sham- 
baugh and Lewis record only fifteen well-attested cases, selected after a 
thorough search of the literature, careful examination of all available 
clinical data, and exclusion of distinct pathologie lesions such as thyreo- 
glossal cyst, vascular struma, or localized emphysema from perforation 
of laryngeal cartilages by tuberculosis or other inflammatory process. 
These authors distinguish three types of laryngeal diverticula: (1) 
the extralaryngeal; (2) the combined—an extra- and an intralaryngeal 
sae, communicating with each other, being present; (8) the intra- 
laryngeal. 

In 1931, Natanson and Raspopov reported two of their cases of the 
combined extra- and intralaryngeal type, both in males aged thirty and 
fifty-two years, respectively. In the same communication, Natanson 
described a case of so-called symptomatic laryngocele, marked by al- 
ternate inflation and deflation of the sae during phonation and respira- 
tion. Besides their own cases, these writers added twenty-nine to the 
twenty-three previously cited by von Hippel and by Shambaugh and 
Lewis. The view that there is a true congenital type of laryngeal 
diverticulum is supported by Natanson and Raspopov, since they were 
able to collect fifty-five cases, only five of which were subjected to 
intralaryngeal pressure. Two of these were in glassblowers and three 
in performers on wind instruments. The remaining fifty had no history 
of intralaryngeal pressure. 

Chouke, in 1932, described two cases of extralaryngeal diverticula 
discovered at autopsy. In the first of these, observed in a negro fifty 
years of age who died of paralytic dementia, the anomaly was bilateral, 
and considerably larger on the right, with otherwise identical anatomic 
relations on both sides. In the second subject, a white man eighty- 
seven years of age, who succumbed to chronic myocarditis, the condition 
was likewise bilateral, the general relations being practically the same as 
those of the first specimen. 

A ease of diverticulum of the larynx quite similar to our own was 
reported by Rudd in 1936. The patient, a man aged thirty-one years, 
gave a history of painless, gradually increasing swelling of the right 
side of the neck of three years’ duration without symptoms. The round, 
fluctuating swelling presented a well-defined edge, in relation to the 
anterior border of the sternomastoid at the level of the hyoid bone, and 
measured one and one-half by one and one-half inches. The overlying 
skin was movable and of normal appearance. Since there were no 
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laryngeal symptoms, the larynx was not examined. <A diagnosis of 
branchial eyst was recorded. The cyst was opened by an oblique in- 
cision, aspirated, and found to contain only air. On incising the deep 
cervical fascia the cyst was seen protruding from under the anterior 
border of the sternomastoid. It was covered medially and inferiorly by 
the anterior belly of the omohyoid and thyrohyoid muscles, extended 
superiorly deeply beneath the posterior belly of the digastric, and was 
observed to emerge by a narrow pedicle through the thyrohyoid mem- 
brane. It was cut away close to the latter, the nerve to the thyrohyoid 
from the hypoglossal attached to the wall of the eyst being sacrificed, 
with careful separation of the internal laryngeal nerve (closely related 
to the posterior surface) and the hypoglossal (to upper border of 
eyst). The cavity which remained was obliterated by deep sutures and 
the wound was closed without drainage. Recovery was uneventful except 
for postoperative hoarseness for three days due probably to the introduc- 
tion of the intratracheal tube through which the anesthetic was admin- 
istered. On microscopic examination, the wall of the cyst was found 
to consist of fibrous tissue lined by columnar epithelium closely simulat- 
ing normal laryngeal tissue. 
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IRRADIATION SARCOMA 


HARWELL WIison, M.D., AND ALEXANDER BrunscHwiG, M.D., F.A.C.S., 
Cuicago, Inu. 


(From the Department of Surgery and the Division of Roentgenology of the Depart- 
ment of Medicine, the University of Chicago) 


HE development of epidermoid carcinoma has been repeatedly ob- 

served in skin areas where there has been subcutaneous cicatrization, 
telangiectases, and sometimes chronic ulceration due to previous irradia- 
tion by x-rays or radium. However, the development of sarcoma in such 
areas and in. the deeper underlying tissues has not been as frequently 
recorded. One case of sarcoma developing in tissues subjected to pro- 
longed and repeated irradiation has been observed in the University of 
Chicago Clinies, the details of which are as follows: 

Case Report.—B. 8. (81076), female, aged fifteen years, admitted April 23, 1933, 
complained of a firm subcutaneous mass about 5 cm. in diameter medial to and above 
the right breast which had been noticed for three weeks. A few days previously a 
physician had incised the mass obtaining only a sanguineous fluid, and tissue re- 
moved for microscopic study revealed a large spindle-cell sarcoma. Five years 
previously the patient had been extensively burned about the right neck and chest 
and later developed cicatricial contractures and large keloids in this area. Because of 
these, several plastic operations were performed and she received approximately 
ninety x-ray treatments to the region during the three years prior to admission. 

On April 24, 1933, a right radical mastectomy was performed and the tumor 
which was found to infiltrate the pectoral muscles was widely excised. 

From Dec. 4, 1933, to April 30, 1934, extensive irradiation of the region was re- 
ceived, to a total dose of approximately 6,000 R. (200 K.V., 25 M.A.) measured in 
air. 

On June 2, 1954, the patient was readmitted with evidence of pulmonary metas- 
tases and died two weeks later. Autopsy revealed extensive direct and metastatic 
involvement of the lungs, pleura, liver, vertebrae, ribs, pancreas, and retroperitoneal 
lymph nodes by the sarcoma. 


A review of the literature reveals that of twenty-five reported cases 
of irradiation sarcoma, fourteen occurred in patients with bone and 
joint tuberculosis who had received repeated x-ray treatments for this 
condition. A summary of these cases is given in Table I. 

In Table II are listed the cases of sarcoma arising in areas of lupus 
vulgaris also treated by repeated exposures to irradiation in one form 
or another. In Table III are given the miscellaneous cases of irradiation 
sarcoma. 

DISCUSSION 


Sarcomas have been observed to arise in foci of chronic inflammation, 
such as unhealed burns, ete., where irradiation was not a factor, but the 
association of a chronic inflammatory process and irradiation in the de- 
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velopment of sarcoma in man would appear to be perhaps more than 
a coincidence in view of the experimental observations made by Lacas- 


Fig. 1.—Case B. S. Photomicrograph (140) showing infiltration of pectoral muscles 
by sarcoma arising in irradiated tissue. 


Fig. 2.—High power magnification (575) of above showing large spindle-cell type 
sarcoma producing little collagen. 


sagne. This author cites seven instances of sarcoma of various types 
(including one osteoblastoma) arising in rabbits at the sites of experi- 
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WILSON AND BRUNSCHWIG: 


TABLE 1" 


IRRADIATION 


BONE AND JOINT TUBERCU 


LOSIS 


SARCOMA 


AUTHOR 


PATIENT 


INTERVAL FROM | 
FIRST X-RAY 
TREATMENT TO | 


NISTOLOGIC 
DIAGNOSIS OF 
TUMOR AT SITE 


DEVELOPMENT | OF 
OF SARCOMA | IRRADIATION 
Pforringer, Boy, aged 5 years, tuberculosis of 6 yr. ‘Spindle-cell sar- 
1927 elbow coma 
Pforringer, Girl, aged 12 years, tuberculosis of 4} 9%. Clinical diag- 
1927 elbow nosis only 
Bauman, 1927 |Woman, aged 23 years, tuberculosis 6 yr. Sarcoma | 
of elbow 
Jaruslawsky, (Boy, aged 16 years, tuberculosis of 11 yr. Sarcoma 
1929 elbow 
Hanke and Neu- Man, aged 20 years, tuberculosis of 4 yr. Chondrosar- 
haus, 1950 right elbow coma 
Denks, 1931 Child, aged 11 years, tuberculosis of 4 yr. Sarcoma and 
foot tuberculosis 
Oehlecker, Patient with tuberculosis of left 6 yr. Spindle-cell sar- 
1931, cited wrist and later pain in right knee coma 
by Denks diagnosed tuberculosis clinically 
Kuttner, 1931 Girl, aged 5 years, tuberculosis of 6 yr. Ossifying sar- 
knee joint coma of fe- 
mur 
Marsch, cited Boy, aged 12 years, tuberculosis of 6 yr. Sarcoma 
by Kuttner, knee 
1938 
Marsch, cited |Patient, aged 17 years, tuberculosis  ¥e. Sarcoma— 
by Kuttner, of left knee femur 
193 
Deutsehlinder, Girl, tuberculosis of knee 7 yr. Osteogenic sar- 
cited by coma of fe- 
Denks, 193) | mur 
Beck, A. Boy, aged 15 years, tuberculosis of 5 yr. Sarcoma 
| knee, x-ray diagnosis 
Beck, A. Woman, aged 21 years, tuberculosis 10 yr. Sarcoma knee 
of left knee and elbow 
Beck, A. Girl, aged 11 years, ‘‘fungus’’ of 7 yr. Sarcoma 
| knee 
*Backlund, B.: Sarcoma After Treatment of Tuberculosis 


Finska lik.-sdlisk. handl. 7 


we 


554-570, 1930. 


TABLE II 


LUPUS 


of Knee by X-Ray, 
Reference not obtained. 


AUTHOR 


PATIENT 


Complani, 1927 
Alius, 1928 


Bertvas, 1928 


Bohmer, 1931 
Guardali, 1952 


Woman, aged 42 years, lupus of face 
Child, lupus of neck 


Middle-aged man, lupus of face for 
17 years 

Man, aged 55 years 

Woman, aged 41 years, lupus of face 


INTERVAL FROM | HISTOLOGIC DI- 
FIRST X-RAY AGNOSIS OF 
TREATMENT TO |TUMOR AT SITE 

DEVELOPMENT OF 
OF SARCOMA IRRADIATION 
10 yr. Sarcoma 
6 yr. Spindle-cell 
sarcoma 
13 yr. Sarcoma 
15 yr. Sarcoma 
13 yr. Sarcoma 
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TABLE II1* 


MISCELLANEOUS 


AUTHOR 


PATIENT 


INTERVAL FROM 
FIRST X-RAY 
TREATMENT TO 
DEVELOPMENT 
OF SARCOMA 


HISTOLOGIC DI- 
AGNOSIS OF 
TUMOR AT SITE 
OF 
IRRADIATION 


Fischer, 1927, 
cited by 

Pforringer 

Bohmer 


Muslow, 1931 


Kaplan, 1934 


Warren and 
Sommer, 1936 
Warren, 1936 


’ 


Patient with ‘‘eczema’’ of hands 


Patient, aged 66 years, psoriasis of 
hands 

Roentgenologist, aged 57 years; 12 
years of diagnostic work followed 
by 2 years of intensive fluoro- 
scopic work, x-ray dermatitis (?) 

Woman, aged 28 years, x-ray given 
face for depilation 

Patient with basal cell carcinoma of 
nose; treated by x-ray and radium 

Patient with breast tumor given 
x-ray therapy 


3 yr. 


4 yr. 
Tumor 3 yr. 
from beginning 
fluoroscopies 

1 
14 yr. 


24 yr. 


Fibromyxo sar- 
coma 


Sarcoma 


Sarcoma and 
carcinoma 
left index 
finger 

Spindle-cell 
sarcoma 

Sarcoma 


Epidermoid car- 
cinoma and 


fibrosarcoma 
74: 5-10, 1930. 


*Batisweiler, J.: Sarcoma Due to Roentgen Ray, Orvosi hetil. 


Reference not obtained. 


mental subcutaneous infections treated by x-radiation. In a series of 
control rabbits where irradiation of sterile foci of inflammation due to 
the injection of dicatomaceous earth, two tumors were obtained. 


On the other hand, it is known that sarcoma may be produced by ir- 


radiation without an associated chronic inflammation. Daels, Sabin, 
Doan, and Forkner, Ludin, Schiireh and Uehlinger produced sarcoma 
experimentally by irradiation alone. In man, Martland reported a num- 
ber of instances of fibrosarcoma of bone as a result of ingestion of radio- 
active material. 

Little is known of the mechanism by which irradiation is a factor in 
the production of sarcoma, but in all probability it is the same as that 
obtaining in the production of carcinoma by irradiation since malignant 
degeneration is a property of all types of cells. The action of irradiation 
in the production of malignant neoplasms thus resembles the action of 
the carcinogenic hydrocarbons (1:2 benzpyrene, methyl cholanthrene, 
and 1:2:5:6 dibenzanthracene) in that both carcinoma and sarcoma may 
be induced depending upon the type of tissue affected. This suggests 
that both agents, one physical and one chemical, may affect in a similar 
manner certain fundamental processes in the metabolism of living pro- 
toplasm. 

The majority of the reports in the literature do not give the exact 
dosage and mode of administration of the irradiation which probably 
was a factor in the production of sarcoma, but it would appear that such 
doses were in most instauces not massive at any one exposure. The ir- 
radiation was administered in most cases at intervals over long periods. 
The time elapsing from the first exposure to the development of sar- 
coma varied from 3 to 24 years, with six to eleven years being the most 
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common latent period. Histologically 22 cases were presumably fibro- 
sarcomas, 2 were ossifying sarcomas of bone, 1 chrondrosarcoma, and 1 
unverified microscopically. In 2 instances both epidermoid carcinoma 
and spindle-cell sarcoma were present in the same field. 


SUMMARY 

1. A case of sarcoma of the chest wall developing in a field previously 
irradiated over a prolonged period in the treatment of keloid following 
a burn is recorded. 

2. Twenty-five cases of sarcoma arising in tissue the seat of chronic 
inflammation that had received irradiation are collected from the liter- 
ature. The latent periods in the development of these lesions varied 
from three to twenty-four years; more frequently they were six to 
eleven years. 

3. Sarcomas have not been observed as frequently as carcinomas aris- 
ing in irradiated tissues. As stated, the majority of the former de- 
veloped in areas the seat of a chronic inflammatory process; in most 
cases, it was tuberculosis. 

4. While clinical and experimental observations indicate that  re- 
peated irradiation of tissue not the site of chronic inflammation may in 
relatively few instances give rise to sarcoma, there is evidence to indicate 
that the tissue changes incident to chronic inflammation might favor the 


development of sarcoma if irradiation is applied to these areas in re- 
peated exposures over prolonged periods. This fact should be born in 
mind in the conduct of irradiation therapy, especially for chronic inflam- 
matory conditions. 
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GRAVITY PRESSURE AND CIRCULATING HOT WATER 
METHOD OF APPLYING HEAT TO THE PELVIC TISSUES 


K. Cuamprion, M.D., New La., AND 
CHARLES A. Dwyer, Jr., Houston, Tex. 


(From the Department of Gynecology, Louisiana State University Medical Center 
and State Charity Hospital) 


OLLOWING the introduction of the Elliot treatment to the medical 

profession in 1920 by Charles Robert Elliot, there have been many 
confirmatory reports extolling the value of applying heat to the pelvis 
in inflammatory conditions. This knowledge of the beneficial effect of 
heat in treating inflammations including pelvic inflammation dates back 
to Hippocrates, 450 B.C.2 We shall not attempt to trace its evolution 
through the ages, merely pointing out that Galen and Celsus were 
aware of the value of this type of therapy in the first centuries of the 
Christian era, while Emmett, in the nineteenth century, was a warm 
advocate of the treatment of pelvic inflammation by hot vaginal 
douches. Frank I. Simpson* and H. 8S. Crossen’ in 1909 published 
almost simultaneously reports on the conservative treatment of acute 
gonorrheal salpingitis and demonstrated conclusively the advantage 
over radical surgery. Curtis’ studies of the short life of the gono- 
coecus in the pelvic tissue as shown by tissue cultures helped to fur- 
ther prove the rationale of conservative therapy. 

It remained for Elliot to demonstrate to the profession the advan- 
tages of sustained high temperature to the pelvic tissue. In spite of 
repeated corroboration of his studies, there are many who still feel 
that its value is problematic, and due to the cost of the Elliot machine 
and the mechanical difficulties of the homemade counterparts, con- 
tinue to rely on the hot douche. The latter is known to be as indis- 
pensable to the gynecologist as bromides are to the general practitioner. 

Believing that a simple device of minimal cost that would convey heat 
to the pelvic tissue was needed, we devised this apparatus which can 
be assembled in a few minutes and which does not require an experi- 
enced operator. 

The apparatus consists of the following: 

One or two gallon irrigating jar 
Rubber tubing 
Glass tubing 
One pincheock 
Two-hole stopper 
Fifteen gauge needle 
Infusion adapter 
Mercury thermometer 
Rubber balloons 
Received for publication, May 20, 1937. 
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The materials are assembled as shown in the accompanying diagram. 
The apparatus is, essentially, a simple method of applying heat to the 


Figs. 1 and 2.—1/ shows the equipment assembled and in use; 2, sagittal sec- 


tion of the pelvis, illustrating relation of distended balloon to the surrounding 
structure. 


vagina and pelvie adnexa by circulating hot water through a rubber 
bag, which is inserted into the vagina. Pressure is supplied by gravity. 
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A constant new supply of heat is maintained by the circulating 
water. The rate of circulation is determined by the diameter of the 
outlet. Experimentally we found that a No. 15 gauge needle was the 
most satisfactory, as this insured a sufficiently rapid flow of water 
through the balloon to maintain a constant vaginal temperature and 


permitted one gallon of water to last 30 minutes. 


Although the operation of the apparatus is simple, a few precau- 
tionary measures must be observed. The rubber balloon should be 


Fig. 3.—A.P. x-ray of the pelvis, using sodium iodide to distend the balloon instead 
of water. 


tested and well lubricated before insertion into the vagina. The 
height of the irrigating jar above the level of the introitus is a most 
important factor. As indicated on the diagram, it should be approxi- 
mately 24 inches; however, this will vary according to the size and 
distensibility of the vagina and the elasticity of the balloon. By 
use of the finger it is easy to determine the amount of pressure re- 
quired to properly distend the vagina. Change may be effected by 
lowering or raising the standard. At no time should the patient ex- 
perience any discomfort. 
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Size of the balloon is important; a diameter of 24% inches and a 
total leneth of 4 inches gives the most satisfactory result. Larger 
ones will not be retained in the vagina without external support and 
smaller ones increase the danger of rupture. We have been using 
ordinary toy balloons and they have been most satisfactory. 

Heat is lost at the rate of 5° to 6° KF. every 30 minutes, and one 
gallon of water will pass through the apparatus in 30 minutes, pro- 
viding a No. 15 gauge needle is used to retard the outflow. The jar 
will therefore have to be refilled once. Experimentally we found that 
the maximum temperature which can be tolerated subjectively and 
objectively is between 125° and 130° F., usually the latter, and this 
should never be exceeded. Duration of the treatment is 1 hour and 
its application is twice daily and continued until, clinieally, the de- 
sired results are obtained. 

Bierman and Horowitz? report a rectal temperature of 1° to 2° 
lower than the temperature in the vagina. We could not duplicate 
these findings. With a water temperature of 125° to 130°, our vaginal 
and rectal temperatures were 112° to 113° and 108° respectively, pro- 
viding a nullipara was used. The rectal temperature varied with the 
parity. We observed that after the first delivery the thickness of the 
rectovaginal septum was considerably reduced and correspondingly 
higher rectal temperatures were obtained up to 109.5° F. (The thin- 
ning continues with additional pregnancies, but it is considerably less 
marked. ) 

It has been demonstrated repeatedly that heat tolerance of living 
tissue is between 112° and 113° F.7)*}? Bierman and Horowitz’ have 
caused coagulation of vaginal mucous membrane with a temperature 
of 113° and occasionally with 112° if the heat is maintained for 
periods longer than 314 hours; however, regeneration was rapid with 
complete restoration of tissue function. They advocate the combined 
use of diathermy and pyretotherapy as the addition of the latter 
enables them to obtain a vaginal temperature of 111° or 112°, an in- 
crease of 3° to 4°. This temperature approaches closer to the thermal 
death point of the gonococcus which is 45° C., as shown by Corbus 
and O’Connor.* With our apparatus a temperature of 112° to 113° 
can be delivered to the vaginal mucous membrane. We, therefore, 
believe that we can sterilize the cervix of the gonococcus with a few 
treatments and prevent recurrences in addition to the other thera- 
peutic effects of the heat. 

We know that the physiologic effects of heat are, briefly: 


1. Dilation of capillaries—hyperemia. 

2. Increased rate of blood flow. | With increased absorption of 
3. Increase in lymph circulation.) exudates. 

4. Increase in secretion—(activation of cervical glands). 

5. Relaxation of muscular tissue—(softening of cervix). 
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6. Inerease in alkalinity of blood. 

7. Alleviation of pain reflexly by acting on sensory terminations in 
tissue. 

8. Production of local and systemic leucocytosis. 

It is thus fair to assume that heat in any form is beneficial in the 
treatment of pelvic inflammatory disease. As to the method of appli- 
cation, that is debatable. Several factors must be taken into con- 
sideration in attempting to reach a conclusion: 


1. Maintenance of desired temperature for required length of time. 
. Ability of the heat delivered to reach the diseased tissue. 

. Dangers from faulty technique. 

. Cost of equipment. 

. Simplicity of operation. 

Systemic reaction. 


Om 


The hot douche may be dispensed with without discussion; its limi- 
tations being obvious and its benefits few. 

The advantages and disadvantages of the remaining methods may 
be compared more readily in table form. 

The table on the opposite page is self-explanatory, but several points 
we feel should be stressed. 

In delivering a temperature of between 112° and 113° to the entire 
vaginal mucous membrane, the heat must necessarily permeate to the 
adjoining structures. In acute inflammations where the diseased tis- 
sue is in close proximity to the vagina (notably acute salpingo- 
oophoritis, where the tubes and ovaries are usually adherent to the 
posterior layer of the broad ligament), this type of therapy is optimal. 

Heat penetrates living tissue with difficulty due to the body’s com- 
pensatory mechanism to rapidly lower excessive temperature. In in- 
flammations that are further removed from the vagina, the thermal 
effect is correspondingly reduced as the distance is increased. There- 
fore, in large tubo-ovarian masses, diathermy could possibly be used 
to better advantage. In this form of therapy the heat is generated 
by the resistance of the living tissue to the passage of the ultrashort 
waves, resulting in a more diffuse rise of temperature. A vaginal 
temperature of 108° can be obtained with ease and maintained for 
any desired length of time. Ingraham? recorded intrauterine tem- 
peratures of 104.4° with diathermy; 107.6° with radiotherapy; and 
102° with the Elliot machine. 

The question has arisen as to the danger of burning the vaginal 
mucous membrane should rupture of the balloon occur. Two facts 
prevent this: the ability of the vaginal mucous membrane to with- 
stand higher temperatures than the skin,® and the vascularity of the 
tissues previously induced by the heat. In Japan, the temperature in 
the public baths is raised gradually to 128° F. with the body completely 
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immersed with no ill effects, the duration being frequently several 
hours. Breaking of the balloon has occurred several times with no 
injurious consequences. In starting the treatment with the maximum 
temperature at first, some patients may complain of a sensation of 
burning. Clamping the tube for a few minutes will bring immediate 
relief; on reestablishing the flow of water, the vaginal mucous mem- 
brane will then have become accustomed to the high temperature. 

The modus operandi in effecting rapid subsidence of inflammation 
we believe is due to the physiologic effect of the heat and to a lesser 
degree to the attenuating influence on the organism. 

We realize that this is far from being a panacea in the treatment 
of pelvic inflammatory disease, but we do believe that it is a definite 
addition to the armamentarium of the gynecologist and that it has 
certain advantages over the other forms of heat therapy as previously 
shown. The cost of maintenance is negligible as ordinary toy balloons 
of appropriate size may be used. We advise using a balloon for no 
longer than 3 days. 

The duration of time since the beginning of our observations has 
not been sufficient to enable us to accumulate sufficient data to war- 
rant publication of results in statistical form. We hope to subse- 
quently report our findings. 


CONCLUSIONS 


1. The advantages of this method are the low cost, simplicity of opera- 
tion, effectiveness in maintaining a high temperature to the pelvic tissue, 
and its freedom from producing injurious results. 
2. This method is ideally suited in pelvic inflammations where the 
pathology is in fairly close proximity to the vaginal mucous membranes. 
3. Its low cost and effectiveness will make it a valuable adjunct to 
any gynecological ward. 
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Editorials 


Reconstruction of the Thumb 


Y RECONSTRUCTION of the thumb we mean the different oper- 

ations performed to rebuild the thumb of the wounded person who 
has been deprived of it by traumatism. This question has interested 
surgeons for many years, but few persons realize that the first paper 
written on the subject dates back to 1873 and was written by Huguier, 
surgeon to the Charity Hospital in Paris. Since that date much has 
been written and almost every surgeon has given a name to the opera- 
tion he has performed, so that there have been many more articles 
written on the subject than there are thumbs operated upon. Con- 
siderable confusion between methods and procedures has resulted, which 
probably explains the disproportion between the small number of thumbs 
which have been repaired by the surgeons of the entire world (fifty at 
the maximum in forty years) and the great number of wounded who 
certainly would have been benefited by this repair. Yet, the loss of 
the thumb, which deprives one of the ability of grasping, is a grave 
injury. 


As a fact, there are only two ways of reconstructing a thumb: either 
by utilizing the remainder of the wounded hand (finger or metacarpals) 
or by grafting a toe, a finger of the other hand, or a piece of skin of 
the abdomen supported by bone graft. All the procedures which have 
been described fall in one of these two classes. 

It seems easier and more logical to reconstruct a thumb by utilizing 
what the traumatism has not destroyed in the wounded hand. This 
is what Huguier did in 1873 and Guermonprez in 1887. But it was 
under the influence of Nicoladoni, the celebrated surgeon of Graz, that 
the graft technique became generalized in his attempts to build a new 
thumb. We believe that this is the principal reason why so few patients 
have consented to be operated upon. 

Such an operation requires three stages, at least theoretically: first 
stage, uniting the stump of the thumb with the part one wishes to use 
(abdomen, foot, or opposite hand); second stage, liberation of the graft; 
third stage, adaptation of the part thus transplanted. In reality, ex- 
cept in very rare cases, the six or seven operations (and even more) 
which have been completed were drawn out over periods of one to three 
years, with postoperative courses extremely difficult (sloughing of the 
graft due to ischemia, infection, nonunion, ete.). The final result in 
the best cases (the only ones we know of) was a rigid thumb, the 
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grasping faculty and mobility of which depend upon the integrity of 
the metacarpals, while its vitality is endangered by infection which, 
even slight, causes the separation of the skin, secondary bone fractures, 
through the vascular or trophic disturbances which have been noted 
in almost every observation. 

For months the patient has to submit to immobilization in a very 
uncomfortable position, maintained by plaster cast, then to the long 
intervals of dressings between the different operative stages. It is, 
therefore, easy to understand that, in some eases, once the patients 
see their thumb well covered up by skin graft, they declare themselves 
satisfied and refuse to proceed with the reconstructive surgery. 


On the other hand, from a purely pecuniary point of view (which 
cannot be disregarded since most of the eases are industrial accidents), 
the cost of the long periods of immobilization, of the multiple operations 
and endless dressings, is prohibitive for the insurance companies which, 
therefore, have no difficulty in dissuading even the most willing patient 
from submitting to such lengthy treatment. 

By utilizing the remainder of the wounded hand, one avoids the 
inconveniences enumerated above. There are two different operations 
according to this principle—one being much more interesting than the 
other. 

First, the phalangization of the first metacarpal (Huguier’s opera- 
tion), which merely consists in eutting further into the commissure of 
the thumb. This operation is not very satisfactory, since it does not 
lengthen the thumb; and it is indispensable that the thumb be long 
enough to constitute a point of apposition for the other fingers. How- 
ever, the phalangization is advisable in two cases: when a prothetie 
thumb is to be made, as the prothesis would not hold if the metacarpal 
were not phalangized; and in cases of extreme mutilation of the hand, 
when there are no fingers left, three of the metacarpals can be phalang- 
ized, removing the two intermediates and thus constituting a sort of 
three-fingered forceps which may render great services. We know 
the case of a mechanic who showed extraordinary dexterity with a 
hand reduced to three well-separated and mobile metacarpals. The 
mutilation dated back from his childhood, and naturally he had the 
chance and the will to make his own reedueation. 

In our opinion, however, the pollicization of the second metacarpal 
is much more interesting. This operation consists in separating the 
second metacarpal from the third, shifting everything that remains 
from the forefinger (one or two phalanges) with muscles, nerves, and 
vessels. Once the commissure has been remade, the second metacarpal 
should be oriented in the same direction as the destroyed thumb; it 
must, therefore, undergo a rotation of 90° so that the previous index, 
changed into a thumb, is opposed to the other fingers. 
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Various technical problems are involved: separation of the second 
and third metacarpals, treatment of the remainder of the first meta- 
carpal, fixation and maintenance ot the indispensable rotation, choice 
of incisions, designing flaps of skin, necessary lengthening of the ten- 
dons, if needed, skin grafts for covering the new commissure. We are 
merely indicating difficulties which are far from insurmountable, as 
proved by the results obtained. 

The operation thus realized presents many advantages. It can be 
accomplished in one single stage. The postoperative care takes four 
weeks at the most. It is always possible to perform this operation, even 
if the forefinger is badly damaged and even if it is completely destroyed, 
as one can always pollicize the remainder of the third finger. The fore- 
finger is transplanted with all its normal vascularization. The flexor 
tendons are not involved—as a fact, they are not even seen. The exten- 
sors sometimes have to be made longer; we know, however, that dorsal 
tendinous sutures always give good results. Perfect result is attained 
when the new thumb is of sufficient length; flexible, mobile, opposable, 
sensible, and well vascularized. 

Even when, for some reason or other, the operation has failed, that 
is to say, when the artificial commissure does not hold, or when the 
transplanted finger itself was stiff and mutilated, one nevertheless ob- 
tains an opposable branch, in good position, of good length, well vas- 
eularized, and innerved; in short, the same result as with a graft aceord- 
ing to the methods of Nicoladini, or Warren, or Pieree—only this result 
is attained with one single operation, and in less than a month. 

And yet, one finds in the literature about forty different operations 
for reconstruction of the thumb by graft, versus only five surgeons 
who performed pollicizations: Guermonprez (1887), Noesske (1919), 
Dunlop (1923), Sterling Bunnel (1931), Mare Iselin (3 cases, 1933, 
1934, 1936). 


In three of our personal cases the practical result is excellent, and 
this also applies to the cases reported in the literature. 


To what should be attributed the ignorance of pollicization, when 
everyone, even the layman, knows that it is possible to replace a thumb 
by a big toe, especially when the value of these two operations, if one 
examines them impartially, cannot be compared? In my opinion, such 
operations utilizing the remainder of the wounded hand have been 
advised only by obscure surgeons. Huguier died very long ago; Guer- 
monprez was a modest practitioner of Lille. Their timid voices could 
not be heard above that of Nicoladoni who added to his own prestige 
the great prestige of the Austrian school of surgery. 

Moreover, surgeons often love miracles. To make a thumb for a man 
who has lost one is an operation which strikes the imagination. But 
to make it by taking a big toe becomes so impressive that the most 
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adventurous spirit is charmed by this possibility. Obviously, the oper- 
ation is not dangerous; the patients do not die of it; in Nicoladoni’s 
time this was already a very interesting result; but now we have become 
more exacting. Our modern surgery demands quality in the results. 
Not only do we not want the patient to die, but we do not want him 
to suffer. We expect to cure him rapidly with a good functional result. 


Thus only do we consider the operation as satisfactory. 


This is why pollicization of the second metacarpal alone can give good 
results in the reconstruction of the thumb, as this is done with one 
operation only, without any extra mutilation, and with the minimum 
time of working inability for the patient. 


—Marc Iselin. 


Associate Professor, University of Paris, Paris, France. 


Continuous Intravenous Injections (Phleboclysis) 


HE parenteral administration of fluids is an important therapeutic 

measure. Coller and his colleagues! have called attention to the 
great loss of fluids after surgical operations, estimating that in the first 
twenty-four hours after an operation as much as 2,500 ¢.c. of fluids 
may be lost solely by the skin and the lungs. The necessity of supply- 
ing this deficit is obvious, not only for the general biologic purposes of 
the body, but for excretion, particularly by the kidneys. 


After most operations fluids cannot be satisfactorily given through 
the stomach, and proctoclysis is not always efficient and is frequently 
disagreeable to the patient. The intravenous method of administering 
fluids is more accurate and usually more comfortable than either proc- 
toclysis or hypodermoclysis, though these two latter methods undoubt- 
edly have fields of usefulness in certain cases. In establishing physio- 
logic rest the intravenous method of giving fluids is particularly ap- 
plicable. After operations on the gastrointestinal tract, physiologic rest 
can only be obtained by decreasing the function of the stomach or 
bowels. The principles of Hilton as laid down in ‘‘Rest and Pain’’ are 
just as true now as they were when he wrote the lectures in 1863. 


In peritonitis, especially in peritonitis following appendicitis, fluids 
must be administered to combat the toxemia and to sustain the action of 
the kidneys, and at the same time, the electrolytes and some calories 
should be supplied. It is equally important that the principle of physio- 
logic rest should be followed. When proctoclysis is given in peritonitis 
or suppurative appendicitis or after an operation on the appendix or 
bowel, this principle is violated. The injection of water into the colon 
distends the colon, stimulates peristalsis, and increases absorption by the 
If it is wrong to handle inflamed tissues unduly in a 


large bowel. 
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surgical operation, it is equally improper to force peristalsis and dis- 
tention and absorption on a segment of the bowel which is chiefly in- 
volved in peritonitis, as the colon in peritonitis from appendicitis. 

There have been recently voiced objections to the continuous intra- 
venous injection of dextrose in Ringer’s solution, in distilled water, or 
in salt solution, because of the supposed increased incidence of pul- 
monary embolism. This increased incidence is probably due to faulty 
technique. In St. Elizabeth’s Hospital, Richmond, Virginia, the cases 
admitted from April 1, 1930, to June 1, 1937, have been reviewed, a 
period of seven years and two months. St. Elizabeth’s is a private 
hospital with a medical and a surgical service, a large proportion of the 
patients, however, being surgical. During this period of seven years 
and two months there have been 8,925 admissions to the hospital, and in 
about 3,170 patients, fluids have been given intravenously for periods 
of three hours to several days. The larger proportion of these cases 
received 5 per cent dextrose in Ringer’s solution; in some instances 5 
per cent dextrose in distilled water was given, and occasionally 10 per 
cent dextrose in distilled water usually followed by 5 per cent dextrose. 
During this period there were six deaths from pulmonary embolism, all 
following operations, a percentage of 3.57 per cent of all deaths in 
surgical cases. In one of these deaths no intravenous solution was given; 
in another, an intravenous injection of 20 ¢.c. of 50 per cent dextrose 
solution was given a few hours before death to a moribund patient with 
a postoperative pneumonia and pulmonary edema. The third case re- 
ceived 1,600 ¢.c. of 5 per cent dextrose in Ringer’s solution immediately 
following a suprapubic prostatectomy, and the next day was given 1,000 
e.c. of the same solution; he died seventy-nine days after the last injee- 
tion. The fourth case was given 1,000 ¢.c. of 5 per cent dextrose in 
Ringer’s solution after an operation for gangrenous appendicitis, and 
died seventeen days after the injection while preparing to leave the 
hospital. The fifth patient had 500 ¢.c. of 5 per cent dextrose in Ringer’s 
solution following a suprapubic cystotomy, and died eighteen days later. 
In the sixth case 8,000 ¢.c. of dextrose in Ringer’s solution were given 
intravenously over a period of three days following a gastroenterostomy, 
and the patient died sixteen days after the operation. 

This incidence of pulmonary embolism is below what is usually found. 
Thus, Mahorner and Ochsner? state that Henderson reported 6 per cent 
of the deaths following operation at the Mayo Clinie in the ten-year 
period from 1917 through 1926 were caused by pulmonary embolism. 
They also quote Sulger and Boszin as reporting 6.1 per cent of 1,630 
deaths were from pulmonary embolism. 

The apparatus for giving fluids intravenously should be as simple 
as possible. The glass should be pyrex, and the rubber tubes should 
be properly boiled and stretched. There is no need to have the fluid 
maintained at any particular temperature, only it should not be too 
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hot; hence arrangements for keeping the fluid at body temperature are 
unnecessary. The rate of flow of the solution can be readily ascer- 
tained by placing a small strip of adhesive on a level with the fluid and 
another strip farther down, indicating the amount to be given per hour. 
We are now using an all-glass graduated ampule, containing 1,000 e.e., 
drawn out as a tube at each end and sealed so that each end can be 
broken and the fluid given at once. Any apparatus that provides for 
bubbling air through the solution is objectionable, because even though 
the air is sterile some elements contained in the air, as CO, and slight 
traces of ammonia, may be dissolved out as the air bubbles through. 

The drip apparatus in intravenous therapy is probably one of the 
sources of pulmonary embolism. It is really a large air bubble trapped 
within the tube. When the flow of the drops is decreased because of 
back pressure in the veins when the patient strains or vomits, the drip 
may be almost stopped; and when the patient recovers, the suction 
from the veins together with the head of fluid behind may push over 
small bubbles of air that lodge in the branches of the pulmonary artery 
and form the basis of a thrombus. 

The purity of the dextrose is essential. The powdered dextrose bought 
in bulk is not sufficiently pure, but the dextrose in solution in ampules 
put up by the large manufacturers usually is. 

The solution should be given continuously, simulating as far as pos- 
sible the natural absorption of fluids. If the blood pressure is high or 
there is marked arteriosclerosis, care must be taken to avoid increasing 
the blood pressure. In such cases hypodermoclysis or proctoclysis may 
be preferable. If the patient is in shock, the fluid can be given rapidly, 
running in 400 or 500 ¢.c. in a few minutes until the blood pressure ap- 
proaches normal, and then cutting down the rate of flow to 100 or 150 
an hour. 

In shock or hemorrhage, in dehydration when the gastrointestinal 
tract does not absorb normally, when it is desired to give the gastro- 
intestinal tract rest, or in combating certain forms of toxemia, the in- 
travenous method of giving water, dextrose, and the electrolytes is ex- 
tremely valuable; but, like any other potent therapeutic measure, un- 
less administered properly, it may be dangerous. 
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Recent Advances in Surgery 


CONDUCTED BY ALFRED BLALOCK, M.D. 


RECENT ADVANCES IN THE SURGERY OF PULMONARY 
TUBERCULOSIS 


JOHN D. STEELE, JR., M.D., ANN ArRpBor, MIcH. 
(From the Department of Surgery, University of Michigan) 


INTRODUCTION 


URING the past decade the value of collapse therapy in the treat- 

ment of pulmonary tuberculosis has become definitely established. 
The phthisiologist who still relies entirely on a strict sanatorium regi- 
men to effect a cure in most cases has become a rarity, although the 
sanatorium remains, and probably will remain, indispensable in the 
treatment of this disease. Not only has surgery been responsible for the 
recovery of many patients who would formerly have been doomed to 
die, but it has also materially decreased the period of hospitalization 
necessary for recovery. Phthisiologists still differ as to the intensity 
of the surgical program to be used. Some enthusiastic ones are handi- 
capped by financial limitations or because the services of an adequately 
trained thoracic surgeon are not available. 

The value of an early and intensive program of collapse therapy has 
recently been demonstrated by Leslie and Anderson®* in a study of a 
eroup of 1,124 patients covering a five-year period at the Michigan 
State Sanatorium. Some form of collapse was used in 78.8 per cent 
of these cases which inelude both resident and discharged patients. In 
their group of 823 consecutive discharged patients, 72.3 per cent of 
whom had received some form of collapse, 47.3 per cent were discharged 
as arrested or apparently arrested, 19.8 per cent as quiescent or im- 
proved, 15.4 per cent as unimproved, and 17.5 per cent dead. These 
figures are striking if compared with those collected by the Council on 
Medical Education and Hospitals of the American Medical Association 
in a survey of tuberculosis hospitals and sanatoria in this country for 
1934,?° in which are ineluded the results of treatment at the time of dis- 
charge of more than 67,000 patients with the adult type of pulmonary 
tuberculosis. Less than 20 per cent of these patients received any form 
of collapse therapy. Only 17.3 per cent were discharged as arrested or 
apparently arrested, 41.6 per cent as quiescent or improved, 17.2 per 
cent as unimproved, and 23.9 per cent dead. The percentage of Leslie 
and Anderson’s patients admitted with a diagnosis of far-advanced 
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tuberculosis (57.1 per cent) is almost exactly the same as that given 
in the American Medical Association report (57.2 per cent). The per- 
centage of minimal cases is slightly greater in the latter report (1.2 per 
cent more). Even though their deaths included the operative mortality 
of the various procedures employed, it will be noted that the number of 
dead in Leslie and Anderson’s series is 6.4 per cent less than those of 
the American Medical Association report. 

In the Chicago Municipal Tuberculosis Sanatorium, at the present 
time, 64 per cent of the 673 patients are receiving some form of collapse 
therapy. In addition, over 1,250 patients are receiving pneumothorax 
treatments in affiliated dispensaries. Under this program, sputum con- 
version from positive to negative has been obtained in 750 (68 per cent ) 
of 1,103 cases studied. Eighty-one per cent of these cases were far- 
advanced when treatment was begun.'°* 

The extensive use of collapse therapy in a small sanatorium has been 
reported by Hanna,** who discharged 55 per cent of his patients as 
arrested or apparently arrested. 

The value of an active program of collapse therapy in children with 
the adult type of pulmonary tuberculosis has been presented by Cross 
and English in a study of sixty-nine cases.*® 

The extent to which collapse therapy was used in this country in 
1934 can be estimated from the American Medical Association report. 
That 21 per cent of the patients received surgical treatment, including 
pneumothorax, during that year appears to be a generous estimate. 
Alexander* estimates that 30 per cent are now (1937) receiving collapse 
therapy, but that from 50 to 80 per cent of the patients with the adult 
type of pulmonary tuberculosis are suitable for collapse. 

The following opinions are expressed by Leslie and Anderson®® in 
commenting upon their experience with the extensive use of collapse 
therapy: ‘‘Those who temporize with bed rest until the need for 
thoracic surgery becomes urgent are incurring hazards and inviting 
unfavorable results that far outweigh any of the surgical risks attached 
to collapse therapy procedures. ... Among increasing numbers thoracic 
surgery is being looked upon more and more as a conservative form of 
treatment.’’ They believe that all patients admitted to a sanatorium 
with the adult type of pulmonary tuberculosis should have collapse 
therapy with the exception of the following categories: (1) terminal 
cases; (2) those whose lesions are only questionably active (the majority 
of whom do not require sanatorium care); and (3) those who refuse 
collapse therapy (the number of whom has been negligible in their 
experience ). 

PNEUMOTHORAX 
Although therapeutic pneumothorax is not strictly a surgical proce- 


dure, the thoracic surgeon must be fully cognizant of its possibilities 
and limitations. It is often the first collapse therapy procedure at- 
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tempted, especially for far-advanced lesions, and it is by far the most 
frequently used of those available. The American Medical Association 
report®’ lists more patients as receiving pneumothorax than all other 
procedures combined. In Leslie and Anderson's group, pneumothorax, 
either unilateral or bilateral, was induced in 48.2 per cent of all their 
cases.” 

The value of pneumothorax treatment in conjunction with sanatorium 
care has been well established. The induction of pneumothorax in 
ambulatory patients, or in those having only a short initial period of 
hospitalization, has gained some popularity. Myers*’ has recently re- 
ported the results in a group of 119 eases receiving pneumothorax on 
an ambulatory basis compared with a group of 120 cases receiving pneu- 
mothorax in addition to striet bed rest. The first group was hospitalized 
for less than three months, or not at all, and the second group for more 
than three months. The progress of the patients was as satisfactory 
and the incidence of complications was no greater in the ambulatory 
group when compared with the control group. 

Ambulatory pneumothorax has been used extensively in Chieago by 
dispensaries affiliated with the Chicago Municipal Tuberculosis Sana- 
torium. The scope of this program has been outlined by Tiee and 
Hruby.""* At the present time approximately 1,000 patients are being 
treated on an ambulatory basis, from the initial treatment onward.'°* 
This program was instituted because it was impossible to provide sana- 
torium beds for all eases in need of collapse therapy. Economie con- 
siderations are of the utmost importance in some instances and appear 
to be the best indication for ambulatory pneumothorax. The advantages 
of sanatorium ¢are with an adequate amount of rest and proper food are 
obvious and should not be neglected except under sueh urgent cireum- 
stances. 

Empyema, either as a mixed or pure tuberculous infection, is the 
most serious complication of therapeutic pneumothorax. It is generally 
agreed that a majority of induced pneumothoraces are complicated by 
serous effusions of varying degrees and duration at some time during 
the course of collapse. Upon the management of these effusions depends 
to a large extent the incidence of complicating empyemas. The inci- 
dence recently reported by Leaver and Hardaway,** who found that 
5.8 per cent of 750 patients treated by pneumothorax over a period of 
four and one-half years had developed empyemas, probably represents 
the average in well-managed sanatoria. Fortunately, the majority of 
these are pure tuberculous empyemas, most of which can be cured by 
aspiration and air replacement alone. The treatment of tuberculous 
empyema, based on Hedblom’s®® valuable classification into four main 
groups, has been briefly and adequately reviewed by Alexander.’ 

The use of oleothorax during the course of therapeutic pneumothorax 
when the pneumothorax is inadequate, or when its success is impaired 
by certain complications, has a limited field of usefulness. The oils 
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commonly employed are paraffin oil and olive oil, with or without the 
addition of gomenol. Matson‘? and Howlett,°* in comprehensive reviews 
of oleothorax, agree that it may be indicated (1) when there is danger 
of loss of a pneumothorax because of an obliterative pleuritis and (2) 
when an empyema, especially a pure tuberculous one, complicating pneu- 
mothorax does not respond to other simpler methods of treatment. 


PHRENIC PARALYSIS 


The use of phrenic nerve operations in the treatment of pulmonary 
tuberculosis has recently been reviewed in a monograph by <Aufses." 
The results in 17,570 eases have been collected and 593 references to 
the literature are cited. The indications and limitations of phrenic 
paralysis are better understood than ten years ago and the indiserim- 
inate use of the operation as a ‘‘cure-all’’ has been largely abandoned. 

The temporary form of paralysis, usually performed by crushing the 
nerve trunk, has gained wide popularity in recent years and is used 
by many clinics in preference to a permanent paralysis as the initial 
operation in a majority of cases. More than 95 per cent of the initial 
operations performed in Alexander’s clinic are of the temporary type.’ 
Potter, Berry, and Bartone*® state that all of their phrenic nerve in- 
terruptions during the past three years have been temporary. 

If a permanent phrenic paralysis does not produce healing of an 
apical lesion, the reduction in function of the undiseased lower portion 
of the lung may so reduce the patient’s vital capacity that further col- 
lapse therapy procedures such as thoracoplasty or extrapleural pneu- 
monolysis cannot be performed with safety. If, on the other hand, 
healing follows a temporary procedure, the paralysis can then be made 
permanent. Alexander,‘ in reviewing the advantages of the temporary 
over the permanent form of paralysis, points out that the temporary 
operation should be used whenever there is reasonable doubt as to the 
result and especially when further unilateral or bilateral collapse ther- 
apy measures may be needed. 

The duration of a temporary paralysis averages six months, providing 
that all accessory phrenic trunks have been paralyzed. It is technically 
feasible to repeat the temporary paralysis several times. 

The value of phrenic paralysis in producing cavity closure as a sup- 
plementary procedure to unsatisfactory pneumothorax with or with- 
out visceroparietal adhesions has been pointed out by Pollock and 
Forsee,** Miller,“* Harper,*® and others. Its use in certain cases at the 
time of reexpansion of the lung after suecessful pneumothorax often 
adds a factor of safety, as well as reducing the degree of reexpansion 
required and preventing marked mediastinal shift with distressing 
symptoms.'* 

The use of pneumoperitoneum in conjunction with phrenic nerve in- 
terruption has been proposed by Kugelmeier,®* Joannides and Schlack,** 
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and Trimble and Wardrip.'*° This procedure is advocated in patients 
who have fairly extensive bilateral involvement and who cannot be 
given pneumothorax because of extensive adhesions and who cannot 
tolerate more drastic measures. Trimble and Wardrip found that the 
elevation of the hemidiaphragm obtained by the combination of these 
procedures is about double that obtained by phrenic paralysis alone. 
Estimation of the value of pneumoperitoneum will depend upon further 
reports of its use. 


INTRAPLEURAL PNEUMONOLYSIS 


1. The Closed Operation.—The division under thoracoscopic control 
of adhesions which prevent effective collapse of the lung by pneumo- 
thorax has gained wide popularity since devised by Jacobaeus®® in 1913. 
The use of this operation (closed intrapleural pneumonolysis) has been 
increasing in this country during the past few years. It is probable 
that about one quarter of all established pneumothoraces which are 
ineffective because of adhesions can be made effective by a pneumonolysis. 
In the remaining three quarters, the adhesions will be too extensive to 
permit division with safety or direct fusion of the pleurae will be pres- 
ent. The mere presence of adhesions is not an indication since they 
may not interfere with effective collapse. It is generally agreed that 
a pneumonolysis should not be performed until three months after the 
induction of the pneumothorax, except under unusual circumstances. 

Various types of thoracoscopes and cutting instruments have been de- 
vised. Two general types of instruments are available. First, the single 
instrument, combining the thoracoscope and the cutting equipment, 
which is inserted into the thoracic cavity through a single cannula, and 
second, the separate thoracoscope and cutting instruments which are 
inserted through separate cannulas. After the thoracoscope has been 
introduced, two methods are available for division of the adhesions— 
either the galvanocautery or a high frequency current. The original 
Jacobaeus thoracoscope, permitting vision at a right angle to the shaft 
of the instrument, was modified to give a wider field of vision by Un- 
verricht.1°* Moore*® has further widened the field of vision of Unver- 
richt’s instrument. Coryllos has designed a thoracosecope using an 
obliquely forward visual system which may be interchanged with a 
lens giving right angle vision. The foregoing instruments all make use 
of two cannulas. Single, or one-cannula, instruments have been de- 
veloped by Davison, Chandler,?! Cutler,°° and others. A discussion of 
the relative merits of the various types of thoracoscopes and cutting 
methods cannot be given here. 

In the hands of experienced operators, closed intrapleural pneu- 
monolysis has an extremely low mortality rate and complications are 
relatively few, being far outweighed by the advantages gained by this 
procedure. No very large single series of operations has been reported 
in this country. Moore*® collected the results of 1,850 cases from the 
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literature of all countries in 1934. Matson’! has reported the results 
in 206 ceases, and Anderson and Alexander'’ in 111.) From Germany, 
however, in 1935, Unverricht'’’ reported his personal experience in 
2.893 patients operated upon during a twenty-year period. In 2,210 
eases (76.5 per cent) all disturbing adhesions were divided. Of this 
group, 84.5 per cent obtained an effective pneumothorax. In the re- 
maining 683 cases, only partial division of the adhesions could be per- 
formed. Of this group 32 per cent obtained an effective pneumothorax. 
Only 31 cases (1.1 per cent) developed empyema; most of these cases 
occurred early in his experience with the operation. Unverricht does 
not give his mortality figure, which, however, was probably negligible. 
The operative mortality in Moore’s collected series was 1.08 per cent. 
Matson gives less than 1.5 per cent and Alexander 1.8 per cent as their 
respective operative mortality rates. Drash*? has recently reported on 
over 200 personal cases in which there was no operative mortality. 

Even those who have had considerable experience with this operation 
will not admit that it is not a difficult and a potentially dangerous one. 
Massive and even fatal hemorrhage during the division of an adhesion 
is occasionally encountered even by the most experienced operators. It 
therefore appears that an unnecessarily dangerous hazard is introduced 
if the operating surgeon is not equipped with the instruments, the 
anesthesia, and the experience necessary for an immediate thoracotomy 
in case of such an accident. 

2. The Open Operation.—Oceasionally, suspending adhesions may be 
too complex or too short to permit division under thoracoscopic control 
with safety. It may be possible to divide such adhesions with relative 
safety under direct vision after a thoracotomy has been performed. 
Good results with this operation have been reported by Carter,'® 
O’Brien,*? Davison and Fremmel,*' and Anderson and Alexander.'® 

The advantages of this method (open intrapleural pneumonolysis ) 
are: better orientation within the pleural eavity, more adequate inspec- 
tion of the adhesions from all angles, and better control of hemorrhage 
if it should oceur. On the other hand, the disadvantages are such that 
the closed method is certainly preferable when possible. Difficulty in 
the maintenance of the pneumothorax may be experienced after open 
pneumonolysis. The operative mortality is considerably higher than 
in the closed operation. Since the roentgenologic appearance of adhe- 
sions is notoriously deceptive, the open operation should never be at- 
tempted before thoracoscopic observation has been undertaken and the 
adhesions found indivisible by the closed method. 

Since thoracoplasty is a safer and a more effective operation, it is 
preferable to open pneumonolysis when not definitely contraindicated. 
Anderson and Alexander conclude that open pneumonolysis should be 
reserved for those patients in whom a elosed pneumonolysis has been 
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tried and in whom thoracoplasty is contraindicated, chiefly because of 
advanced contralateral involvement, and to whom the open operation 
offers the only chance of recovery. 


EXTRAPLEURAL PNEUMONOLYSIS 


The separation of both pleurae and lung from the thoracic wall (ex- 
trapleural pneumonolysis) with resultant retraction of the lung and 
the subsequent filling of the extrapleural space to prevent reexpansion 
is an operation which has a definite, though limited, field of usefulness. 
Various substances have been advocated for filling—paraffin, pectoral 
muscles, pedicled breast, fat, air, rubber sheeting, gauze, and rubber 
bags. Of this miscellaneous group, paraffin and possibly air are the 
least objectionable. 

Extrapleural pneumonolysis followed by paraffin filling is a less effee- 
tive operation than thoracoplasty. Its field of usefulness lies in a small 
group of cases in which phreni¢ paralysis and pneumothorax have failed 
and in which thoracoplasty is contraindicated. It may be exceedingly 
useful in certain bilateral cases (q.r.). 

This operation has been used more extensively in Europe than in this 
country. Few detailed reports of results have been published. In 
1934 MeIndoe and Alexander‘ reported the results in their first 62 
cases. They found that cavity closure could be obtained in from 75 
per cent to 80 per cent if the use of the operation were limited to 
apical cavities 4 em. or less in diameter. Satisfactory extrapleural 
cleavage is obtained much more frequently if a posterior, rather than 
an anterior, approach is used. The anterior approach is sometimes 
useful secondarily in supplementing a posterior filling. The use of 
more than 800 em, of paraffin is avoided, first, because of the danger 
of pressure on the mediastinal structures and second, because of the 
danger of reducing the vital capacity below the limits of safety. In a 
group of 98 patients upon whom extrapleural pneumonolysis with paraf- 
fin filling was used 113 times during a period of six years in Alex- 
ander’s clinic, the operative mortality was 5.1 per cent.'°' 

Head*! has reported the use of extrapleural paraffin pneumonolysis 
in 44 patients, divided into three groups, according to the indications. 
In the first group of 16 patients with large apical cavities, the paraffin 
pneumonolysis was used in preparation for thoracoplasty. The sputum 
was rendered negative in 6 (37.5 per cent) by the paraffin filling and 
subsequent thoracoplasty was not necessary. Negative sputum followed 
thoracoplasty in an additional 7 cases (43.8 per cent). Head’s second 
group consisted of 15 patients with smaller cavities who were suitable 
risks for thoracoplasty. The sputum was rendered negative in 9 (60 
per cent) by pneumonolysis alone and negative by a subsequent thora- 
coplasty in an additional 2 eases (13.2 per cent). The third group 
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consisted of patients in whom thoracoplasty was definitely contrain- 
dicated. Most of the patients in this group were improved but none 
was cured. 

The use of extrapleural pneumonolysis followed by repeated air fill- 
ings (extrapleural pneumothorax) has been reported from several Ku- 
ropean countries. The pneumonolysis is carried out after resection of 
the third or fourth rib posteriorly, the separation being limited to the 
upper lung. Selective collapse similar to that produced by interpleural 
pneumothorax is obtained. Extrapleural pneumothorax may be used 
in combination with interpleural pneumothorax on the same side. In 
some eases, the extrapleural pneumothorax has been replaced by oleo- 
thorax. 

Graf*® has reported the use of this procedure in 107 cases, 10 of 
which had been followed from one to two and one-half years. He 
drew no definite conclusions as to the ultimate value of the operation. 
The deaths of 7 patients, all of which occurred in his first 40 cases, 
are attributed to the operation. Complications included tissue necrosis 
subsequent to drainage of some of the early cases, wound infection, 
and late perforation of the lung, possibly due to the use of high air 
pressures. 

Schmidt®’ used extrapleural pneumothorax in 72 cases during a six- 
month period. There were 3 deaths (4.2 per cent). The sputum became 
negative in half the cases within six weeks of the operation. In 15 
cases, extrapleural pneumothorax was combined with interpleural pneu- 
mothorax on the same side; in 8 eases, with contralateral interpleural 
pneumothorax; in 4 eases, with bilateral interpleural pneumothorax; 
and in 6 eases, bilateral extrapleural pneumothorax was used. The 
operative technique in this series is explained by Adelberger.* 

Hautefeuille and Dreyfus-Le Foyer’ have been encouraged by their 
early results from the use of this operation and believe that it may 
have a definite place in collapse therapy. 

Roberts®? has used extrapleural pneumothorax in 14 patients with 
encouraging immediate results. 


THORACOPLASTY 


During the past few years the technique of thoracoplasty has been 
so developed that the number of good results has been more than 
doubled and at the same time the operative mortality has been reduced 
to a point far below the once almost prohibitive figure. In a study of 
the results of 1,159 cases of thoracoplasty collected from the literature 
of various countries in 1925, Alexander? found that 33.5 per cent had 
died and that only 36.8 per cent had been cured. These operations 
were of the Wilms-Sauerbruch and Brauer types. Alexander® now 
estimates that when the results of the modern thoracoplasty will have 
been collected five years after operation, less than 15 per cent will have 
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died either as a direct or indirect result of the operation, or from pro- 
gression of the tuberculosis, and that more than 90 per cent of the 
living patients should have closed cavities and negative sputum. His 
own experience in regard to operative mortality and results of thora- 
coplasty is illustrative of the progress of this operation. From eight 
to nine years after operation, 43.4 per cent of those patients who were 
operated upon by old types of thoracoplasty in 1926 and 1927 were 
dead and 52.1 per cent had good results (closed cavity and negative 
sputum). His percentage of good results in 106 living patients for a 
two-and-one-half-vear period, ending January 1, 1935, was 93.4 per cent.® 
During the three years ending January 1, 1937, the operative mortality 
(less than three months) in 146 patients was 4.3 per cent, while the 
late or nonoperative mortality was 2.5 per cent.® 

The reports of O’Brien,** Coryllos,2* *4 and Carter?® are also illus- 
trative of the results of the modern type of thoracoplasty. 

The success of the new type of procedure is not due to a more eare- 
ful selection of patients. On the contrary, much poorer operative risks 
with more extensive pulmonary disease are now being accepted than 
previously. The difference is due to the present use of multiple stages 
proposed by Ochsner*’ in 1925 and Hedblom*?-** in 1926, the resection 
of greater lengths of ribs, the resection of the transverse processes 
(Proust and Maurer*’) and to refinements of operative technique, 
anesthesia, and preoperative and postoperative care. The treatment 
of the periosteum of the rib beds with 10 per cent formalin in order to 
prevent regeneration eliminates the necessity of resection of regenerated 
segments in case of undue delay between the stages. The restriction 
of one stage to the removal of two, and virtually never more than three, 
ribs is undoubtedly the one most important factor in the reduction of 
the operative mortality. 

The former routine use of total thoracoplasty has now been aban- 
doned for the partial selective type. Total thoracoplasty is, of course, 
indicated for complete involvement of the lung, but the cases in 
which partial collapse with preservation of the undiseased lower 
portion of the lung ean be performed far outnumber those in which 
total thoracoplasty is indicated. The importance of partial resection 
of the lower portion of the scapula in limited thoracoplasties has been 
pointed out by Holman*® and by Coryllos.*° 

Many years ago, Bull’* and others used an extrapleural apicolysis in 
conjunction with thoracoplasty in order to increase the vertical collapse 
of the lung. Semb** °® has recently again advocated the same principle 
and has modified the technique, using a so-called ‘‘extrafascial api- 
colysis.’” He finds the operation especially valuable for large apical 
cavities situated posteriorly or mesially. He feels that mere rib resee- 
tion provides only lateral collapse. His operation, which is intended 
also to produce vertical collapse, consists in the division of structures 
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suspending the apex of the lung after resection of the upper ribs, in- 
cluding disarticulation of the ribs but not removal of the transverse 
processes. The sealene muscles, the upper intercostal vessels, nerves, 
periosteal beds, and the suspending bands in the region of the sub- 
¢lavian vessels and brachial plexus are all divided, and the pleura is 
separated from the vertebral bodies posteriorly. Semb’s'®? results in 
over 250 patients operated upon since 1932 were: mortality within two 
months, 6 per cent; late mortality, 5 per cent; cavity closure in 90 per 
cent and negative sputum in 86 per cent of his living patients. Since 
1934, using a greater number of stages with less rib resection per stage, 
his results in 149 cases were: mortality within two months, 3 per cent; 
late mortality, 3 per cent; cavity closure in 93 per cent and negative 
sputum in 91 per cent of the living patients. 

This operation is gaining favor in this country at the present time. 
Some surgeons are using it only in selected cases, but others are using 
it routinely. Overholt*® is enthusiastic about its routine use and feels 
that the addition of extrafascial mobilization has not increased his mor- 
tality or the incidence or severity of postoperative reactions. His eon- 
clusions are based on a comparison of his results in 147 cases without 
mobilization of the lung (satisfactory collapse in 71 per cent of the 
living patients; operative mortality, 6.4 per cent) and 106 cases in 
which the lung had been mobilized during the thoracoplasty (satisfae- 
tory collapse in 92 per cent of the living patients; operative mortality, 
5.6 per cent). In his first group it was necessary to carry out a re- 
vision procedure in 20 eases; in the second group only one revision has 
been necessary. 

Holst®* has deseribed a method of performing a selective thoracoplasty 
which consists of an extensive extrapleural separation (in distinction to 
Semb’s extrafascial separation) following which a flap containing soft 
tissue and periosteal beds is turned down over the apex of the lung. 
The formation of exudate prevents reexpansion of the lung during the 
first 2 or 3 months postoperatively and thereafter rib regeneration makes 
the collapse permanent. He reports that 92 cases have been operated 
upon with 2 deaths. The period of observation has been so short that 
the results are not certain. 

Haight complementary anterior thoracoplasty is an important ad- 
junct to posterior thoracoplasty in certain cases, providing a method 
of producing additional collapse with a minimum of risk. In his series 
of 50 patients having unclosed cavities and positive sputum after a 
posterior thoracoplasty, the cavities were closed and the sputum became 
negative in 46 (92 per cent) following the anterior stage. There was 
no operative mortality. 

An upper chondrectomy and partial anterior costectomy as a_pre- 
liminary procedure to posterior thoracoplasty is used by some surgeons. 
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Subsequent rib resection is facilitated and it is believed that the patients 
are better prepared for the more extensive posterior operation. A report 
on the results of preliminary anterior chondrocostectomy has recently 
been made by Wangensteen, Carlson, and Bowers.'°® 

The patient for whom thoracoplasty is generally recommended is one 
who has had tuberculosis for a number of years and whose cavernous 
lesions are predominantly productive in character.* Recently, however, 
thoracoplasty has been proposed as a life-saving measure for patients 
with acute, exudative (pneumonic) unilateral lesions after failure to 
establish a pneumothorax, and when the clinical course has indicated a 
hopeless prognosis. Meltzer*® has performed carefully staged thoraco- 
plasties on two such cases with gratifvine results. The first was on 
a woman with a rapidly enlarging cavity who had a fever of from 100° 
to 101°. The sputum became negative four months after the third 
stage of a seven-rib thoracoplasty and she has been at home for over a 
year and is doing light housework. His second case was operated upon 
in the face of a rapid down-hill course and a fever between 102° and 
103°. Persistent improvement followed the second stage of an eight- 
rib thoracoplasty. Her sputum is negative and her general condition 
is excellent six months after the last stage. 

A certain percentage of patients upon whom a_ thoracoplasty has 
been performed will have residual cavities following completion of the 
thoracoplasty. Fortunately this percentage has decreased as the modern 
tvpe of thoracoplasty has been developed, but some type of revision 
operation will probably always be necessary in a few eases. In some 
instances, removal of regenerated ribs together with previously un- 
resected segments or even additional lower ribs will be sufficient to 
effect cavity closure. Alexander* found this procedure effective in 
closing the cavities in 11 out of 14 cases (78.6 per cent), in which the 
older types of thoracoplasty had been used primarily. There were no 
deaths. Semb** also reports 11 satisfactory reoperations out of 14 cases 
in which his extrafascial apicolysis was used as part of the revision. 
Coryllos** reoperated upon 48 cases with 17 good results (35 per cent) 
and 15 deaths (31 per cent). Kinsella®* has reviewed the causes of 
unsatisfactory thoracoplasty and reported his surgical revision in 40 
eases. He recommends the use of extraperiosteal (subscapular) gauze 
packing following the adequate removal of all regenerated ribs in the 
particular region involved, in those cases in which a radical modern 
thoracoplasty has been performed primarily. Of 13 cases subjected to 
this procedure, the cavities became closed in 11 (77 per cent). The 
remaining 2 cases both had negative sputum but questionable cavities. 
The disadvantages of this procedure are that it is rather a formidable 
one and that secondary closure of the operative defect is sometimes 
necessary. 
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LESS FREQUENTLY USED PROCEDURES 


Multiple intercostal neurectomy, advocated by Alexander* and Strieder 
and Alexander,’? is occasionally useful in a small group of patients 
who, although presenting the anatomic indications for thoracoplasty, 
are not suitable risks for that operation. Improvement following inter- 
costal neurectomy may permit subsequent thoracoplasty. 

Sealeniotomy or scaleniectomy (Gale and Middleton,*! Fisher,*’ and 
Aycock!) is another operation which may be used when more extensive 
procedures are contraindicated. It is sometimes indicated as a comple- 
mentary operation to multiple intercostal neurectomy. The evaluation 
of the results of this procedure is difficult. 

Surgical drainage of a tuberculous cavity is seldom indicated. The 
only absolute indication oceurs when bronchial drainage is inadequate 
and secondary pyogenic infection causes grave toxic symptoms due to 
absorption. Exceptionally, this measure may be advisable when collapse 
therapy is contraindicated or when a cavity has remained open in spite 
of one or more attempts at closure by efficient collapse operations.* The 
mortality in most reported series of cavity drainages is high. 


LOBECTOMY AND PNEUMONECTOMY 


Few successful lobectomies and pneumonectomies for pulmonary 
tuberculosis have been performed. Cases in which these procedures are 
indicated, at the present time, appear to be exceedingly rare. Never- 
theless, the thoracic surgeon is often confronted with situations in which 
it appears that removal of a tuberculous lobe or lung would be the 
ideal form of treatment. In such situations, the decision against such 
radical treatment is usually influenced by the relatively high operative 
mortality of pneumonectomy and lobectomy in tuberculosis and by the 
chance that a more conservative procedure, such as thoracoplasty, may 
produce the desired result. 

A number of successful cases of lobectomy and pneumonectomy for 
pulmonary tuberculosis will be mentioned. Few have appeared in the 
literature. A few unsuccessful cases have been reported.** * 

Freedlander** performed a one-stage upper lobectomy in November, 
1934, for a cavity which was enlarging under pneumothorax. This pa- 
tient has recently been discharged from the sanatorium with the wound 
completely healed and with no evidence of active disease in her roentgen- 
ograms.*® John C. Jones®* removed the right superior and middle lobes 
because of hemoptyses recurring every four days over a period of ap- 
proximately four years. The lung was apparently well collapsed by 
pneumothorax. The hemoptyses had increased to 800 gm. at one time 
just before the one-stage lobectomy which was performed in July, 1935. 
The pneumothorax space was subsequently obliterated by a thoraco- 
plasty. The patient is now entirely well and is able to perform light 
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work. Examination of the specimen removed showed a eavity, filled 
with laminated blood clots, into which a large artery opened. Jones 
has recently performed an upper lobectomy for a residual cavity fol- 
lowing an extensive thoracoplasty. The immediate postoperative condi- 
tion of the patient has been good. 

A pneumonectomy for persistent cavity following thoracoplasty was 
performed by Beye,’ in April, 1935. The patient’s condition was satis- 
factory two months after operation. Jones*? performed a total left 
pneumonectomy in June, 1936, on a patient with an ulcerating and 
stenosing tuberculous bronchial lesion, a tuberculous cavity of the 
superior lobe, and a marked degree of bronchiectasis throughout the 
entire lung. This patient had had a daily temperature elevation to 103° 
for two and one-half years. Marked clinical improvement has followed 
the operation, although a bronchial fistula and draining sinus persist. 

Alexander*® performed a total pneumonectomy in September, 1936, on 
a patient with a high degree of bronchial stenosis accompanied by ob- 
structive symptoms. The patient now has a small mixed infected tuber- 
culous wound but is otherwise in good condition. 

Successful lobectomies and a pneumonectomy have been performed 
unintentionally for pulmonary tuberculosis. Beye’’ reported a lobectomy 
performed for apparent nonspecific bronchiectasis, which proved to be 
tuberculous. Jones and Dolley® performed a total right pneumonectomy 
in June, 1937, for a lesion which symptomatically and roentgenologically 
was typical of bronchogenic carcinoma. The lesions could not be 
visualized bronchosecopieally. The gross appearance of the mass sug- 
gested malignancy but on microscopic examination proved to be tuber- 
culous. The patient’s postoperative course has been uneventful. 

Lower lobe bronchiectasis occurring as the result of tuberculous 
bronchial stenosis in patients with definite upper lobe tuberculosis has 
been treated successfully by lobectomy by Eloesser,** Kinsella,®* and 
others. 

It has thus been demonstrated that tuberculous lobes and lungs can 
be removed successfully. The indications for such removal are rare and 
varied. Bronchial stenosis is not necessarily an indication, since patients 
with stenotic lesions may do well after thoracoplasty. It is only when 
it seems reasonably certain that thoracoplasty will be ineffectual, or is 
definitely contraindicated, that lobectomy or pneumonectomy should be 
employed. 

BILATERAL COLLAPSE 


Until a few years ago, active bilateral pulmonary tuberculosis was be- 
lieved to be a definite contraindication to collapse therapy. The follow- 
ing is a quotation from Alexander’s The Surgery of Pulmonary Tuber- 
culosis? published in 1925: ‘‘Pneumothorax and surgical compression 
therapy are based upon the assumption that the lung opposite to the 
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one to be compressed is free of tuberculous disease or that any foci it 
may contain are so few and non-progressive that they may be expected 
to heal when the general resistance improves upon control of the severe 
lesion in the worse lung.”’ This view, which was shared by the leading 
phthisiologists and thoracic surgeons at that time, necessarily deprived a 
majority of patients with pulmonary tuberculosis of the benefits of 
collapse therapy. Fortunately today, bilateral cavernous tuberculosis 
does not, per se, contraindicate the use of collapse therapy. In many 
cases, the use of bilateral collapse therapy is definitely indicated, al- 
though its use is complicated and the judicious juggling of various pro- 
cedures is necessary to effect cavity closure. The extent to which both 
lungs may be collapsed is, of course, limited by the patient’s respiratory 
requirements. The use of revocable measures (pneumothorax and tem- 
porary phrenic nerve interruption) is preferable, at least at the begin- 
ning of the collapse program. Many combinations of operations are pos- 
sible. 

The use of bilateral pneumothorax has been increasing steadily dur- 
ing the past few years. Leslie and Anderson®’ used this procedure in 
16 per cent of their pneumothorax patients. It is usually the procedure 
of choice in patients having extensive bilateral disease. When pneumo- 
thorax cannot be induced because of extensive pleural adhesions, other 
procedures must be used. 

Coryllos and Ornstein,?* after analyzing their results in the surgical 
treatment of 238 cases of bilateral cavernous lesions (exclusive of un- 
aided bilateral pneumothorax), concluded that in 40 to 60 per cent 
of such eases the cavities could be closed and the sputum rendered nega- 
tive. The combinations of procedures used by them in the majority of 
their cases were as follows: (1) closed intrapleural pneumonolysis to 
complete unsatisfactory unilateral or bilateral pneumothorax; (2) 
pneumothorax and thoracoplasty; and (3) bilateral thoracoplasty. Two 
other procedures not used extensively by them, but considered of great 
value in bilateral collapse therapy by others, are phrenic nerve inter- 
ruption and extrapleural pneumonolysis with paraffin filling. The avail- 
ability of a variety of reliable collapse procedures from which to choose 
becomes distinetly advantageous in the management of bilateral cases. 

Jones and Alexander,* in reviewing the results of bilateral collapse 
therapy (exelusive of unaided bilateral pneumothorax) in a series of 
100 patients, 95 per cent of whom had far-advanced lesions on admission, 
found that cavities had become closed and the sputum was negative in 
72 per cent. 

Only a few of the many possible combinations of operations can be 
mentioned here. Pneumothorax on one side and thoracoplasty on the 
other was used by Coryllos in 87 patients. A more detailed report of the 
use of this combination has been made by Pollock.** Extrapleural paraf- 
fin pneumonolysis is often useful for the closure of a small apical cavity 
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in the contralateral lung, after thoracoplasty has been performed on 
the side with the more extensive involvement, when a pneumothorax ean- 
not be induced and phreni¢ nerve interruption has failed. 

Successful bilateral thoracoplasties have been reported by Grave- 
sen** # (1 case), Allen® (1 case), and Coryllos?* ?° (4 cases). Alexander® 
believes that few patients present the proper indications for bilateral 
thoracoplasty since the bilateral cavities of most patients can be closed 
by less extensive and often revocable procedures. 


ANESTHESIA 


The choice of an anesthetic agent for use in the surgery of pulmonary 
tuberculosis presents peculiar problems not encountered in other fields 
of surgery. The patients considered for operation often have, first, a 
lowered vital capacity (with attending reduction in the number of alveoli 
available for absorption of oxygen and the anesthetic agent), and second, 
an abnormal amount of secretions in the tracheobronchial tree. As far 
as these two factors are concerned, local or regional is probably the ideal 
anesthetic. Many collapse therapy operations can be performed effi- 
ciently and expeditiously without the use of general anesthesia. While 
some surgeons prefer to perform thoracoplasties with local anesthesia, 
others believe that, in addition to being considerably more time con- 
suming, this operation cannot be performed painlessly, efficiently, and 
without mental shock to the patient without the use of a general anes- 
thetic. 

Discussions of the problems of anesthesia in thoracic surgery with a 
review of the advantages and disadvantages of some of the available 
anesthetic agents have been given by Eversole and Overholt®® and by 
Magill.’° 

Anesthetic agents which tend to increase bronchial secretions or sup- 
press the cough reflex for a long postoperative period may increase the 
activity of the tuberculous lesions or favor bronchial obstruction. For 
these reasons, ether and avertin are usually considered to be undesirable. 

Nitrous oxide and oxygen, with or without the supplementary use of 
local anesthesia, is probably the most widely used anesthetic agent for 
thoracoplasty. Since nitrous oxide must be administered in high con- 
centration (usually 90 per cent or more) to produce and maintain anes- 
thesia, it is far from being ideal for a patient with a reduced pulmonary 
absorptive surface. The operator is often faced with the choice between 
an incomplete anesthesia and a eyanotie patient, when nitrous oxide and 
oxygen alone are used. 

The use of vinethene (vinyl ether) in supplementing nitrous oxide 
promises to overcome many of the disadvantages of the gas alone. <A 


much higher oxygen percentage is permitted and better relaxation can 
be obtained. Furthermore, bronchial secretions do not appear to be 
increased or recovery from the anesthesia retarded, 
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Ethylene permits the use of a slightly higher oxygen percentage than 
nitrous oxide, but this percentage is often not sufficient for the needs of 
the patient. 

Cyeclopropane (trimethylene) is probably the most satisfactory single 
anesthetic agent for thoracic operations available today. Waters and 
Schmidt'"? point out that extremely quiet respiration, ample oxygen 
supply, and quick recovery of the cough reflex accompany its use in 
thoracic surgery patients. Eversole and Overholt have used it satis- 
factorily for thoracoplasties, even in patients with greatly diminished 
vital capacities, finding that the depth of anesthesia approaches that 
of ether with an oxygen percentage of 80 or more. The disadvantage 
of eyclopropane appears to be that it is a powerful anesthetic agent and 
consequently its margin of safety is small. 

Coryllos and Bass**: ?* have used evipal in a large series of thoraco- 
plasties and have found it to be generally satisfactory. 

The carbon dioxide absorption technique has contributed considerably 
to quiet respiration when used with nitrous oxide or cyclopropane. 

One advantage of an indwelling intratracheal catheter during a 
thoracoplasty is that secretions may be aspirated if present in excessive 
amounts. This method appears to have few advantages over a high 
Trendelenburg position during the anesthesia, with aspiration of secre- 
tions from the pharynx when necessary. A method for closed endo- 
bronchial anesthesia in thoracie surgery has been described by Gale and 
Waters.*? 

BRONCHOSCOPY 


The importance of bronchoscopic examinations in patients being con- 
sidered for collapse therapy operations has become established. Tuber- 
culous involvement of the tracheobronchial mucosa has been known to 
pathologists for many years, but has only been recognized as a definite 
symptom complex by the clinician during the past few years. Recent 
contributions to the literature on this subject have been made by 
Schonwald,®* Eloesser,** ** Clerf,??. Tucker,!°® MeConkey and Green- 
berg,’* Myerson,*! Epstein and Ornstein,®> Barnwell, Samson, Littig, and 
Culp.** ** The pathology, symptomatology, and bronchoscopic find- 
ings have been adequately discussed by these authors. 

The exact significance of this complication in relation to prognosis 
and to the use of collapse therapy is as yet unknown and must be de- 
termined by further observation. It is advisable, however, that the 
presence of bronchial obstruction be recognized before any irrevocable 
collapse therapy operation is performed. Extensive and progessive 
tracheal or bilateral bronchial involvement may render collapse therapy 
operations not only useless but harmful. 

It is generally agreed that bronchoscopy, properly performed, is not 
contraindicated in the presence of active pulmonary tuberculosis, except 
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when complicated by far-advanced ulcerative or stenotic laryngeal in- 
volvement.?” “1° 11° Trauma to an existing tracheal or bronchial 
lesion, produced by injudicious manipulation at the time of bronchos- 
copy, may, however, cause a dangerous reaction. 

Tuberculous tracheobronchitis is probably almost always secondary to 
active pulmonary tuberculosis.‘* Severe tracheal or bronchial involve- 
ment may, occasionally, accompany a minimal lesion or one which is not 
recognizable roentgenologically. 

In an effort to determine the incidence of this complication in patients 
having active pulmonary tuberculosis, routine bronchoscopies have been 
performed at the Michigan State Sanatorium during the past eighteen 
months on all patients admitted during this period unless poor general 
condition or laryngeal disease contraindicated this procedure. Evidence 
of tuberculous tracheobronchitis was found in 30, or 11.0 per cent, of 
the 272 cases bronchoseoped.** 

Relatively little is known concerning the value of local treatment of 
these lesions. Coagulation with a high frequency current,’’® cauteriza- 
tion with silver nitrate solution,'’® and treatment by deep roentgen ray 
therapy'* ** ® have been proposed. Evaluation of the results of such 
treatment will be impossible until more is known concerning the course 
of these lesions without local treatment and their behavior after adequate 
control of the parenchymatous focus. Temporary relief of obstructive 
symptoms due to a fibrous bronchial stenosis can sometimes be obtained 
by bronchoseopie dilatation. 

Another instance in which the bronchoscope promises to be of value in 
relation to collapse therapy is in the determination of the respiratory 
function of each lung separately. A method for such determination has 
been devised by Jacobaeus,®*’ Frenckner and Bjérkman,*® and the pro- 
cedure termed ‘‘bronchospirometry.’’ A double bronchoseope, the 
diameter of which is somewhat greater than that of an ordinary broneho- 
scope, fitted with two obturators with inflatable rubber caps, is passed in 
the usual manner, after exposure of the larynx with a direct laryngo- 
scope. One obturator is placed in the left bronchus between the carina 
and the superior lobe orifice enabling all the air from the left lung to 
pass into one section of the bronchoscope. Since the right bronchus is 
extremely short, the second obturator is not placed here, but in the 
trachea, and the air from the right lung collected from this point. A 
double spirometer which registers the volume, oxygen consumption, and 
earbon dioxide production of the air from each lung separately and 
simultaneously is used. An ordinary bronchospirometry consumes about 
eight minutes. The function of each lung is not expressed in exact 
figures but in a percentage of the sum of the values obtained from both 
lungs. 

The greatest value of bronchospirometry is in the determination of the 
function of each lung in cases of bilateral pulmonary disease in which 
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a unilateral irrevocable operation is contemplated. Jacobaeus and his 
colleagues have found a number of cases of pulmonary tuberculosis in 


which practically the entire respiratory function was carried on by one 


lung. It would be of considerable value to the thoracie surgeon to know 
that collapse of a diseased lung would not appreciably reduce the pa- 
tient’s total vital capacity. Interesting observations have been made in 
patients with unilateral, as well as bilateral, pneumothorax. It has also 
been discovered by bronchospirometry that the oxygen consumption and, 
frequently, the ventilation of the lower lung of a patient in a lateral 
recumbent position is greater than that of the other lung. 

In order to eliminate the risk of laryngeal trauma, Bezancon, Braun, 
Soulas, Guillaumin, and Cachin'® have adapted a standard Jackson 
bronchoscope for successive, but not simultaneous, determinations of the 
function of each lung. They feel that the simplicity of their technique 
more than compensates for any small errors that may be present in the 
determinations obtained by their method. 
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Review of Recent Meetings 


THE TWENTIETH ANNUAL MEETING OF THE 
AMERICAN BRONCHOSCOPIC SOCIETY 


CHEVALIER L. JACKSON, M.D., PA. 


HE Twentieth Annual Meeting of the American Bronchoscopic Society was held 

June 2, 1957, at the Marlborough Blenheim Hotel, Atlantic City. 

After the presentation of new instruments, several of the members gave case 
reports, and then six papers were read: 


Kernan, John D.: Tuberculous Lesions of the Trachea and Bronchi.—Kernan 
began his paper with the statement that ‘‘tuberculosis of the trachea and main 
bronchi, as a clinical subject, has only comparatively recently appeared in literature. ’’ 
The more frequent recognition of this condition during life has been due to the 
more general use of bronchoscopy as a diagnostic procedure. The speaker quoted 
Bugher to the effect that of 122 cases of pulmonary tuberculosis studied at autopsy, 
41 per cent showed lesions of the trachea, main bronchi, or both. He also quoted 
Epstein and Ornstein, who, in reporting on the bronchoscopic examination of 150 
cases of tuberculosis at the Sea View Hospital, had pointed out that very little 
emphasis had been placed on tuberculosis of the trachea and main bronchi as a 
complication of chronic pulmonary tuberculosis, and suggested, as a reason for this, 
the fact that too infrequently diagnostic bronchoscopy had been done, and the condi- 
tion thus recognized during life. Discussing pathogenesis, Kernan quoted Reichle 
and Frost, discussing their theory that the most frequent mode of origin of bronchial 
tuberculosis is by ‘‘contiguity.’’ According to this theory, the lymphatics sur- 
rounding the major bronchi and trachea absorb infectious material from the 
periphery of the lung and then this infection is communicated to the mucous glands 


lying in the walls of the trachea and bronchi because of close proximity or contiguity 
with the lymphatics. The other methods of infection mentioned by Reichle and Frost 
were continuity, that is extension of tuberculosis along the mucous membrane of the 


larger bronchi leading out of tuberculous cavities, and implantations from sputum, 
which they regard to be the most infrequent mode. The opinion of Bugher that 
implantation from sputum is the most frequent way of infection is also mentioned. 
Kernan feels that this ‘‘undoubtedly’’ occurs, the disease in such cases appearing 
as ‘‘large or small, deep or shallow ulcers in the mucous membrane.’’ In the 
clinical classification of tracheal and bronchial tuberculosis, Kernan mentions shallow 
ulceration, cicatricial stenosis, tuberculoma, generalized thickening of the bronchial 
walls, and compression stenosis due to tuberculous adenopathy. The relation of bron- 
chial ulceration to collapse therapy is considered, and attention is called to the fact 
that patients in whom an apparently good result has been obtained by pneumothorax 
or thoracoplasty, but in whom there is persistence or recurrence of positive sputum, 
not infrequently have tuberculosis of the bronchial mucous membrane, either of the 
homolateral or of the contralateral bronchus. Hemorrhage in such patients is 
similarly explained. In the presence of persisting or recurring positive sputum or 
hemorrhage, therefore, in patients who have collapse therapy, diagnostic bronchos- 
copy is definitely indicated. Kernan believes that bronchoscopic treatment is of 
value in many of the tuberculous lesions of the trachea and larger bronchi. He 
believes that ulcers, even though small, should be treated, despite the fact that 
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spontaneous healing may occur. He believes that if an ulcer can be treated while 
small and made to heal, the formation of large stenosing sears will be prevented. 
He advocates the use of silver nitrate 10 per cent, carefully applied through the 
bronchoscope; and he has also used coagulation and diathermy but states that there 
are two objections to the use of these agents: first, that sear formation may be 
extensive, and second, that hemorrhage may occur. The use of a small quartz 
rod introduced through the bronchoscope may prove of value, but the speaker had 
only begun using it. Tuberculomas should be removed by biting forceps, 10 per cent 
silver nitrate, or electrocoagulation. Strictures should be gently dilated, and Kernan 
believes that the use of little dilators attached to the negative pole of the galvanic 
current may help to soften these strictures and to facilitate their dilatation. 
Bronchoscopice aspiration of secretions and removal of granulations, cheesy material, 
ete., is advocated in all cases of bronchial obstruction. 


Jackson, Chevalier L., and Bonnier, Maurice: The Technique of Bronchog- 
raphy.—Starting off with a brief account of the last previous discussion of 
bronchography in the American Bronchoscopie Society, ten years before, the writers 
reviewed briefly the history of bronchography and the various techniques used. 
They then gave an account of the evolution of the technique of bronchography used 
in the Jackson Bronchoscopie Clinic at Temple University, describing in detail the 
methods in current use there for both adults and children. The speakers stated 
that until about five years ago the bronchoscopic method was used, but that it was 
discontinued because the results were not uniformly satisfactory. After experimenta- 
tion with various other methods, it was decided that the most practical and certain 
methods were those in which the catheter was used. The exact techniques in current 
use at the Jackson Clinic were described in detail: 

Adults.—For routine bronchography in adults, they find the ordinary soft catheter, 
16 Fr. (full centimeter length, not cut short) most satisfactory, and they generally 
introduce it through the mouth with a plain wire stylet bent to the particular 
‘laryngeal curve’’ preferred, under the guidance of the laryngeal mirror. The 
preparation consists in keeping the patient fasting for a few hours before the 
procedure, and anesthetizing by means of a spray of 10 per cent cocaine, followed 
by a fractionated instillation of the same solution, using a laryngeal syringe under 
the guidance of the laryngeal mirror. In patients suspected of being sensitive to 
cocaine, larocaine solution of the same strength is substituted. After introduction 
of the catheter under guidance of the mirror and withdrawal of the stylet, a small 
additional quantity of cocaine or larocaine solution is injected through the catheter, 
and then the patient is taken to the x-ray department, the proximal end of the 
catheter being temporarily fastened to the lip and cheek with adhesive tape. Behind 
the fluoroscopic screen, the position of the tip of the catheter is determined, and if 
not satisfactory, corrected by appropriate manipulation of the catheter and the 
patient’s head. If there is still a tendency to coughing, a few drops more of the 
anesthetizing solution can be instilled through the catheter. Next the oil is injected, 
either under fluoroscopic control or not, as desired, and the patient placed in various 
positions, according to the area that is to be mapped. If one base or any one lobe 
is to be mapped, 10 ¢.c. of oil will suffice, but if both bases or a whole lung is to 
be mapped, not less than 15 to 20 ¢.c. should be used. The catheter is quickly 
removed as soon as the injection has been completed, since, in the great majority of 
cases, deft removal of the catheter does not provoke the cough reflex, and it leaves 
the patient much more at ease and self-controlled for subsequent posturing. 

Children.—For bronchography in children, the same type of catheter is used as in 
adults, but it is introduced through the nose, and passed into the larynx, either 
under the guidance of the direct laryngoscope, or under fluoroscopic control. If 
the direct laryngoscopie method is used, according to Jackson and Bonnier, it will 
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be found surprisingly easy to direct the tip of the nasal catheter into the larynx, even 
without the use of forceps, by merely manipulating the proximal end of the 
catheter. On the other hand, they stated that it is also quite satisfactory, and less 
uncomfortable for the patient, to insinuate the nasal catheter into the larynx under 
fluoroscopic guidance, tilting the head back just far enough to cause the curve of 
the posterior nasopharyngeal wall to direct the tip of the catheter anteriorly into 
the larynx. In order to help allay coughing, a small amount of 10 per cent larocaine 
may be instilled through the catheter, but cocaine is never used in children. 

The importance of wholehearted cooperation of the roentgenologist in the aecom- 
plishment of good bronchographic work was emphasized. Jackson and Bonnier 
prefer to map one lung at a time, especially if the lesion is one-sided. They be- 
lieve it important to take a lateral as well as stereoscopic anteroposterior or postero- 
anterior views. They stated that the lateral projection is of great value to the 
bronchoseopist in determining the lobar localization of a lesion, but they pointed out 
that it is of little use if both sides have been filled, because of the superposition 
of the two sides. If it is necessary to complete the study at one sitting, then 
stereoanteroposterior or posteroanterior views should be taken with the addition 
of good right and left obliques. In their conclusions, the speakers emphasized the 
fact that in advocating the catheter method for bronchography they do not wish 
to detract in any way from the prestige of diagnostic bronchoscopy. They make it 
a rule always to do diagnostic bronchoscopy first. 


Foster, John H.: Treatment of Laryngeal Papillomatosis.—The speaker began 
with mention to his previous paper of five years ago on the same subject. He stated 
that since he had begun treating laryngeal papillomatosis by his present method, 
he had seen 11 cases, 9 of them young children, who had had no previous treatment, 
1 a girl operated upon a number of times, and 1 a man of fifty years of age with 
a large mass in the anterior part of larynx. Eight of the 9 children cleared promptly, 
although 1 developed a large papilloma at the edge of the tracheotomic opening, 
which required removal. The girl in whom a number of operations had been done, 
and the man of fifty years of age were not benefited. The speaker stated that he 
believed there to be a decided difference between the congenital, or childhood type, 
of papilloma and the adult type. He stated his belief that in patients operated upon 
repeatedly the childhood type may take on some of the characteristics of the 
adult type. He believes that ‘‘most, if not all primary papillomata of childhood are 
amenable to proper radiotherapy.’’ He qualifies this statement by saying ‘‘by 
proper radiotherapy I mean low voltage, and mild dosage.’’ He stated that the 
best and quickest results he had seen were obtained by the use of the technique 
deseribed in his previous paper, which is repeated: ‘100 K.V., 5 milliamperes; 4 
m.m, aluminum screen; skin anode distance 15-18 inches, time 5-10 minutes.’’ 
Treatments are given to alternate sides of the neck at intervals of from five days 
to a week. The danger of trying to hurry the results by increasing the dosage or 
frequency of treatment were emphasized. The importance of keeping the voltage 
at 100 K.V. and not increasing it to 150 was especially emphasized. The speaker 
stated that while he had noted no good effects in the adult type of papilloma 
treated by this technique, possibly other techniques might produce better effects. 
He advised the use of tracheotomy only if necessary on account of dyspnea. With 
regard to operative work, he stated that it is his practice to do a direct laryngoscopy, 
and generally biopsy, before beginning treatment. If large masses of papillomas 
are present, they may be removed by forceps. 


Hall, Sobisca S., and Thomas, Harry V.: Lung Abscess; Bronchoscopic Con- 
sideration.—This paper of comparisons of the speakers’ series of 24 cases (7, or 
25 per cent, acute; and 17, or 75 per cent, chronic) with other series of cases 
reported in the literature. Giving their own definition of the condition and briefly 
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discussing pathology, Hall and Thomas then gave the statistics of several other 
writers with regard to site of pulmonary abscess, and finally their own. Their own 
24 cases were distributed as follows: 42.5 per cent, right lower lobe; 20.8 per cent, 
middle lobe; 37.5 per cent, left lower lobe; 4.25 per cent, right upper lobe; and 
in 1 case, both left upper and left lower lobes were involved. Etiology was dis- 
cussed in a similar way, with the consideration of experience and opinion of others, 
and second with the speakers’ own experience. Of the whole series of 24 cases, 6 
were posttonsillectomic, 2 postoperative following abdominal operations, 3 apparently 
secondary to upper respiratory infections, 1 postpneumonic, 4 cases of foreign body, 
1 a case of fracture of the maxillary sinus with empyema of the sinus, 1 a case of 
fractured femur, and the remaining 7 without obvious cause. Symptomatology was 
discussed chiefly on a basis of the experience of others, although the speakers 
emphasized the importance of hemorrhage as a symptom, stating that it had oe- 
curred in 20 per cent of their cases. Concerning diagnosis, they emphasized the 
importance of roentgen examination, stating that the x-ray was the ‘‘most im- 
portant single factor in the diagnosis of pulmonary abscess,’’ especially in the 
early cases. In connection with treatment, the speakers deplored the tendency to 
follow one or the other of two extreme ‘‘schools of thought’’; and after discussing 
at some length the methods used by others, the speakers reported their own series, 
stating that of their 7 acute cases, 6 were cured by bronchoscopy and the seventh 
was cured after the addition of external drainage. Of the 17 chronic cases, 1 was 
cured by bronchoscopy alone, 2 by bronchoscopy and thoracostomy. Thirteen, or 
83.5 per cent, did not respond to bronchoscopic treatment and will require surgical 
treatment of some sort. There were 2 deaths in the chronic group. The speakers 
emphasized the great value of diagnostic bronchoscopy in pulmonary abscess and 
urged that treatment by bronchoscopic methods should be instituted promptly and 
should be continued so long as improvement is noted, but he warned against con- 
tinuing conservative treatment too long in cases where definite improvement does 
not take place. Under prognosis, Hall and Thomas summarized their results, stating 
that in the acute group 83.5 per cent were cured by bronchoscopic treatment, while 
16.5 per cent required external drainage. In the chronic cases, 2, or 11 per cent, 
died, 1 of hemorrhage and 1 of sepsis; 2 required external drainage and were cured 
by this means, while 14, or 78 per cent, were still sick and will probably require 
external drainage if they are to be cured. 

At the conclusion of the paper, the speakers raised several interesting questions 
in connection with pulmonary abscess, as for example: why does pulmonary abscess 
fail to heal even with adequate drainage; do central abscesses tend to heal better 
than peripheral ones; and is it probable that the aspiration route is the route of 
infection in the lower lobe abscesses while the embolic route is the one followed in 
the upper lobe cases. 


Galbraith, Evan G.: Experimental Bronchial Obstruction.—This paper repre- 
sented a study of the pulmonary changes resulting from bronchial obstruction, 
particularly obstructive atelectasis. Fifty dogs were used in the experiment and 
they were anesthetized with intraperitoneally injected nembutal. After considerable 
experimentation it was found that a plug of rubber bath sponge, about 2 em. by 
4 cm. in size, provided an exceptionally satisfactory object for producing bronchial 
occlusion. This piece of rubber sponge could be compressed sufficiently to be 
passed through a bronchoscope into the exact location desired. The dogs were 
killed at intervals of from 30 minutes to 13 days after the production of obstruc- 
tion. Most of the dogs developed signs of illness after the fourth day and some 
died. The animals were killed by the injection of lipiodol into the external jugular 
vein, followed by an injection of air 30 seconds later. This allowed time for the 
lipiodol to reach the pulmonary arteries before the heart ceased to beat. The chest 
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was opened soon after respirations ceased, the lungs removed and x-rayed. A 
half hour after obstruction, macroscopic examination showed no change and the 
x-ray showed no filling defects in the peripheral branches of the pulmonary arteries; 
microscopic examination, however, showed venous and capillary congestion, without 
alveolar collapse (most writers have assumed that congestion follows alveolar 
collapse). Galbraith calls this stage the preatelectatic stage. After 1 hour, macro- 
scopic examination showed congestion and beginning atelectasis. After 2 hours a 
macrgscopic change in color was noted. After 7 hours, the x-ray showed a filling 
defect in the pulmonary arteries at the margin of the lung; and after 24 hours, 
atelectasis was complete and the x-ray showed filling defects in the peripheral 
branches of the pulmonary arteries, plus cloudiness in the lung. Galbraith believes 
that it is not until superimposed infection develops that the x-ray shows definite 
enough evidence to warrant the diagnosis of atelectasis. In the animals it was 
found that after the fourth day small abscesses developed and later necrosis of the 
lung tissye. As a control experiment, sponges perforated with a small cannula 
were inserted in several animals, and it was found that while infection developed 
in four or five days, no serious consequences followed. In another group of experi- 
ments, Dr. Galbraith and his coworker studied the behavior of the lungs in the ‘* open 
chest,’’ one lung being artificially inflated and deflated. The other lung, not 
inflating and deflating, became atelectatic. The changes occurring as a result of 
complete bronehial obstruction may be resolved into four phases according to this 
work: (a) Stage of pulmonary congestion due to stagnation of the pulmonary 
circulation—preatelectatic stage; (b) stage of alveolar air absorption and alveolar 


collapse—atelectasis; (c) stage of edema of the involved lung—edematous atelectasis ; 
(d) stage of superimposed infection upon the involved lung—infected atelectasis. 
In this stage the infection begins as a diffuse pneumonitis and continues to abscess 
formation and necrosis. 

Galbraith concluded that atelectasis may result from any one of many causes 
which have as their ultimate effect, failure of the lung, or lungs, to inflate or de- 
flate; in other words, marked or complete interference with the respiratory move- 
ment of the lungs. He deduced that obstruction of the bronchus, per se, is not 


responsible for atelectatic phenomena. 


Zinn, Waitman F., and Rienhoff, Wm. F., Jr.: Diagnosis and Treatment of 
Primary Bronchial Carcinoma.—Zinn discussed at considerable length the ap- 
parently increased incidence of bronchial carcinoma reported by various writers in 
the past two years. He expressed the feeling that even though there might be an 
actual increase in the incidence of this condition, increased cooperation between the 
internist, the radiologist, the bronchoscopist, the clinical pathologist, and the 
thoracic surgeon will lead to earlier and earlier diagnosis, and more successful treat- 
ment. Speaking of diagnosis, he stated that in his experience the roentgen ray 
was positive in 80 per cent of the cases. He emphasized the importance of with- 
holding all treatment until the completion of thorough diagnostic studies, mentioning 
in addition to the roentgen ray, bronchoscopy and bronchography. With regard to 
treatment, lobectomy or pneumonectomy was advocated in all cases where the lesion 
was suitably located and the patient’s general condition permitted; in the inoperable 
cases, radium or deep roentgen therapy. 

Summarizing, Zinn again emphasized the importance of cooperation between the 
internist, radiologist, bronchoscopist, clinical pathologist, and thoracic surgeon and 
urged the value of making an effort to obtain a bronchoscopic biopsy whenever 
possible. Rienhoff discussed the surgical treatment in detail, demonstrating par- 
ticularly his reasons for believing lobectomy is rarely, if ever, justifiable in cases 
of malignant tumor of the bronchus. He emphasized his preference for pneumonec- 
tomy as the surgical procedure of choice in bronchial carcinoma, stating his reasons 
for differing with the slightly more conservative views held by Churchill and others. 
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Book Reviews 


Dr. Bodo Otto and the Medical Background of the American Revolution. By 
James E. Gibson. Pp. 345, with 8 illustrations. Springfield, Ill., 1937, Charles 
C. Thomas, Publisher. 


Two interesting medical episodes of the American Revolution are related in this 
interesting book: (1) The devastating effects of smallpox and (2) the Morgan- 
Rush-Shippen controversy. 

The author obviously feels somewhat apologetic concerning the title, for in the 
last paragraph of the book he relates the subtended quotation without which explana- 
tion the reader would be somewhat at sea to understand in what manner the story 
revolves about Bodo Otto, a transplanted German surgeon who enjoyed a dignified 
reputation and occupied a part no more important in the war apparently than he does 
in this narration. Says the author: ‘‘Many years ago, the distinguished Pennsyl- 
vania historian, Morton L, Montgomery, wrote: ‘Next to Washington, Gates, Mifflin, 
Wayne, and the other leading Generals, Dr. Bodo Otto, of Reading, Pa., occupied 
a prominence and rendered useful service equal to any other man who was engaged 
in the great cause of the Revolution, not on the field of battle, leading his fellow- 
men into danger and death, but amongst the Hospitals, as a Senior Surgeon, caring 
for, and administering to the sick, wounded and dying soldiers. And yet his name 
is not mentioned in history.’ *’ 

Letters are quoted to indicate that General Washington was fully convinced of 
the value of smallpox vaccination. The most interesting narrative of the book, 
however, relates to the controversy between Shippen on one side and Morgan and 
Rush on the other. Morgan and Shippen, it is to be remembered, were founders 
of the medical department of the University of Pennsylvania. Early in the war, 
Morgan was appointed Medical Director General, but his dismissal was subsequently 
demanded by the Continental Congress because of the many complaints of his sub- 
ordinate officers. No explanation was made at the time, but later Morgan was 
fully vindicated. In the meanwhile, he and Benjamin Rush began a cabal against 
Shippen, who succeeded Morgan as Director General of Medical and Surgical 
Activities of the Continental Army, which finally eventuated in Shippen’s trial by 
court-martial. Shippen obtained exoneration from the charges except a reproof for 
having speculated in the purchase and sale of wine and sugar, materials which the 
sick, for which he was responsible, were badly in need of. 

The author’s version of this noted controversy is well supported by documents; 
and in the light of his extensive investigation of letters and congressional records, 
the reader involuntarily feels a twinge of prejudice and resentment against Morgan 
and Rush for their conniving and jealousies. Before the time of the cabinet of 
Clifford, Arlington, Buckingham, Ashley, and Lauderdale in 1671, during the reign 
of Charles Il, Macaulay says cabal was synonymous with cabinet. These ministers, 
the initial letters of whose names spelled the word cabal, soon made that appellation 
so infamous that it has never since their time been used except as a term of 
reproach. 

The name of Benjamin Rush, who has often been referred to as the most dis- 
tinguished American medical man of his time, appears a little blighted in the light 
of the scrutiny of letters quoted by the author. A cabal is not a venial sin and is 
also among the most heinous of political crimes, and he who engages in cabals often 
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besmirches his own name more than that of his intended victim. It is to be recalled 
that Rush once said, ‘‘ medicine is my wife and science my mistress, *’ which quotation 
afforded Oliver Wendell Holmes opportunity for the following caustic remark: 
‘*T do not think that the breach of the seventh commandment can be shown to have 
been of advantage to the legitimate owner of his affections.’’ 

The book can be enthusiastically recommended to those who have an interest in 
the importance of smallpox in the campaigns of the Revolutionary War and the 
Morgan-Rush-Shippen controversy. 


Errata 


On page 320 of the February issue, in the article by Ghormley entitled ‘‘ The 
Third Congress of the International Society of Orthopedic Surgery,’’ paragraph 3 
should read: 

‘*The third day in Bologna was given to the presentation of a variety of papers. 
One of the outstanding papers during this session was presented by E. Ettorre, of 
Milan, on immediate subtrochanterie osteotomy in fractures of the neck of the 


femur. 


On page 421 of the September issue, in the articie by Dixon and Weber entitled 
‘*The Diagnosis and Surgical Treatment of Perforating Lesions of the Colon,’’ 
in line 12 under the heading ‘‘ Surgical Complications,’’ the word ‘‘intravenous’’ 
should be ‘‘intraperitoneal’’ and the sentence should read: 

‘*One of these is the character of the reaction following the preoperative 
intraperitoneal administration of a vaccine prepared from Bacillus coli and the 
streptococci. ’’ 
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